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What's a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.2 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 
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A powerful 
case for 
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Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 4595 in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL)3 


Raised HDL levels 1% to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type IIb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 

coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. J Clin Invest. 

1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Pros ective Cardiovascular Münster 

Trial. Zürich: Panscientia Verlag; 1986:8-9, 3. Data on file, Medical Affairs Dept, Parke-Davis 

4. Tikkanen MJ, Helve E, Jaattela A, et al. Comparison between lovastatin and gemfibrozil in the 

treatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am J Cardiol. 
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.. ABrief Summary follows. 

.. CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 
| —— . 2. Preexisting gallbladder disease (See WARNINGS). 
|. . 8. Hypersensitivity to gemfibrozil. pe shes... A 

_ WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- | 

- tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 

studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
| Project, 1000 subjects with previous myocardial infarction were treated for five years 
| -— with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
D: - jects and 3000 placebo-treated su bjects, but twice as many clofibrate-treated subjects 
| . developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
| ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
! onary heart disease were treated with clofibrate for five years and followed one year 
ji beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
B "treated than in a comparable placebo-treated control group. The excess mortality was 
p .. due to a 33% increase in noncardiovascular causes, including malignancy, post- 
-Cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
© subjects for gallbladder disease was confirmed. 
! During the Helsinki Heart Study and in the 1⁄2 year follow-up period since the trial 
|! . was completed, mortality from any cause was 59 (2.99/) in the Lopid group and 55 
* (2.7%) in the placebo group. Mortality from any cause during the double-blind portion 

of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 

"the more limited size of the Helsinki Heart Study, this result is not statistically- 
|! significantly different from the 29% excess mortality seen in the clofibrate group in the 
< separate WHO study. Noncoronary heart disease related mortality showed a 58% 

. . greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

| Inthe Helsinki Heart Study, the incidence of total malignancies discovered during the 
| . trial and in the 112 years since the trial was completed was 39 in the Lopid group and 29 
| inthe placebo group (difference not statistically significant). This includes 5 basal cell 

! . carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
| predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
Eo from malignancies were not statistically 

| . different between Lopid and placebo sub- 

— groups. Follow-up of the Helsinki Heart 

!—— Study participants will provide further infor- 
|. mation on cause-specific mortality and 

|, cancer morbidity. 

|... 2.A gallstone prevalence substudy of 450 
!.. Helsinki Heart Study participants showed a 
|. trend toward a greater prevalence of gall- 

| . stones during the study within the Lopid 

|. treatment group (7.5% vs 4.9% for the place- 

bo group, a 55% excess for the gemfibrozil 
! — group). A trend toward a greater incidence 
E. of gallbladder surgery was observed for the 
| — Lopid group (17 vs 11 subjects, a 54% ex- 
|! — cess). This result did not differ statistically 
|... from the increased incidence of cholecystectomy observed in the WHO study in the 

group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
| A excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 

— studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

= .—— 8 Since a reduction of mortality from coronary artery disease has not been 
| .. demonstrated and because liver and interstitial cell testicular tumors were increased in 
. .. rats, Lopid should be administered only to those patients described in the INDICATIONS 
|... AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
| . are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 
|  . 5 Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
! rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 

leading in a high proportion of cases to acute renal failure. In most subjects who have 

had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 

therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 

Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
|. medical evaluation for myositis, including serum creatine kinase level determination. If 
| myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 
> 6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
| of male rats treated with gemfibrozil at 10 times the human dose. 
bi. PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
| — thatthe lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 

-tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
~ in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

. M 2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
— — and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 

- tory lipid response to either drug alone, the possible benefit of combined therapy with 
-lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

^ (B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
—— LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
—  COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
- . THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 

-PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 

—— DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 
= 4, Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 

- dence of benign liver nodules and liver carcinomas was significantly increased in high 
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.. dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
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| neoplasms. In male and female mice, there were no statistically significant differences 
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-from controls in the incidence of liver tumors, but the doses tested were lower than those 


shown to be carcinogenic with other fibrates. : 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7 Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 

reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 

ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
in that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebial hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal? myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng! J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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systems do the same thing. 






© E | r False alarms. They’re one of the 
PE VEL SE S SAI NT  — 2 most frustrating things about 
SK. T uu uv. s m most telemetry systems. 





The reason for this annoying 
problem is simple: the very h igh 
frequency ( VHF) signal most 
systems transmit is disrupted by 
electrical noise and interference. 
Hewlett-Packard has the solution. 


You see, HP's Digital Ultra High 
Frequency (UHF) Multi-Lead 
Telemetry System transmits ECG 
signals with 50 times the power 
of digital VHF. And digital trans- 
mission verifies the accuracy of 
the data. The result is fewer 

false alarms and algorithm ac- 
curacy approaching hardwired 
monitoring. 





The transmitter is small, 
lightweight and water resistant. 


In addition, our dynamic UHF 
antenna system filters out 
extraneous noise and artifacts 
and detects weak signals. 

This reduces signal drop-out 
and produces more accurate 
arrhythmia monitoring. 


And our telemetry system inter- 
faces with Hewlett-Packard's 
extensive line of central stations 
and patient monitoring systems 
and can be easily expanded. 


What's more, HP ACCOMPLISH 
Customer Support assures you 
of the value of your investment.* 
Which makes this one “Cry Wolf” 
story with a happy ending. 


There is a better way. 
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Effectiveness of Multiple Bolus Administration of 
Tissue-Type Plasminogen Activator in Acute 
Myocardial Infarction 

Mohamed I. Khan, David R. Hackett, Felicita Andreotti, 
Graham J. Davies, Tessa Regan, Agha W. Haider, 

Eugene McFadden, Peter Halson, and Attilio Maseri 


Twenty-six patients with evolving acute myocardial infarction 
(<6 hours’ duration) received either an intravenous infusion or 
4 serial bolus injections of tissue-type plasminogen activator. 
The bolus method resulted in more rapid recanalization with 
less fibrinogen depletion, fewer bleeding complications and a 


shorter duration of acute ischemia. 


10857. 


Prognostic of Sustained 

Ventricular Tachycardia Induced by Programmed 
Ventricular Stimulation Using up to Triple Extrastimuli 
in Survivors of Acute Myocardial Infarction 

Yoshito lesaka, Akihiko Nogami, Kazutaka Aonuma, 

Junichi Nitta, Yeong-Hwa Chun, Hideomi Fujiwara, and 
Masayasu Hiraoka 


The prognostic significance of programmed ventricular stimu- 
lation with up to 3 extrastimuli was evaluated in 133 consecu- 
tive survivors of acute myocardial infarction with a mean fol- 
low-up period of 21 months. The inducibility of sustained 
monomorphic ventricular tachycardia was shown to be an in- 
dependent predictor of sudden cardiac death or spontaneous 
sustained ventricular tachycardia. 


Hour 
Hospital Phase of Acute Myocardial Infarction 

M. Zoni Berisso, Lorenzo Carratino, Antonello Ferroni, 
Giuseppe S. Mela, Gianfranco Mazzotta, and Carlo Vecchio 


The clinical significance of supraventricular tachyarrhythmias 
occurring at hospital discharge after acute myocardial infarc- 
tion was assessed in 209 consecutive patients using 24-hour 
electrocardiographic monitoring. Our results show that the oc- 
currence of such arrhythmias was not related to a subsequent 
higher risk of major coronary events but were associated with a 
higher incidence of acute pulmonary edema and congestive 
heart failure, as well as greater use of digitalis and diuretics. 
Data also show that the greater the complexity of supraventric- 
ular arrhythmias, the worse left ventricular function is. 
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Harvey Feigenbaum 


Regional left ventricular wall motion abnormalities were as- 
sessed using 2-dimensional echocardiography and contrast ven- 
triculography within 12 hours of the onset of chest pain in 20 
patients with acute myocardial infarction; 10 patients had an- 
terior infarctions and 10 had inferior. Data indicate that 2- 
dimensional echocardiography, which is noninvasive and more 
easily repeatable for serial studies, yields similar results to con- 
trast angiography for the assessment of regional wall abnor- 
malities after AMI. 


1078 oS Se nos ee eee 
Diagnostic Value of Ambulatory Holter Monitoring for 
the Detection of Coronary Artery Disease in Patients 
with Variable Threshold Angina Pectoris 

Eike Hoberg, Bernd Kunze, Sabine Rausch, Jochem König, 
Helmut Schafer, and Wolfgang Kübler 


To determine the diagnostic value of ambulatory Holter moni- 
toring for the detection of coronary artery disease (CAD), 216 
patients with variable threshold angina were compared to 55 
patients with fixed threshold angina. The prevalence of CAD 
was significantly lower in patients with variable threshold angi- 
na, whereas the extent of CAD did not differ between both 
groups. In patients with fixed threshold angina, the diagnostic 
accuracy of Holter monitoring was identical to that of bicycle 
exercise electrocardiography. In patients with variable thresh- 
old angina, CAD was better identified by Holter monitoring. 


1084 


Pierre Théroux, Jean-Gilles Latour, Jean Diodati, 
Claudette Léger-Gauthier, Doris Morissette, Xavier Bosch, 
Justo De Lara, and David Waters 


The clinical, hemodynamic and platelet effects of prostacyclin 
were investigated in a double-blind, randomized placebo-con- 
trolled study of 27 patients with unstable angina (14 treated 
patients; 13 control subjects) given a 72-hour infusion (5 ng/ 
kg/min) or placebo. Despite favorable effects of prostaglandin 
upon platelet aggregation and systemic hemodynamics, the 
prostanoid failed to improve the clinical evolution of unstable 
angina. 
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D a QA MINH ote Es BS Se ETE ee 
Prevalence and Patterns of Silent Myocardial Ischemia 
During Daily Life in Stable Angina Patients Receiving 
Conventional Antianginal Drug Therapy 
Prakash C. Deedwania and Enrique V. Carbajal 


Using 24-hour ambulatory electrocardiographic monitoring, 
we assessed the prevalence and patterns of silent ischemia in 
105 patients with stable angina, all of whom were receiving 
conventional antianginal therapy prescribed by their primary 
care physicians. Results show that conventional therapy pre- 
scribed to control anginal symptoms does not abolish silent 
ischemia despite adequate control of symptoms. 


1097 

Effects of Nifedipine on Myocardial Perfusion During 
Exercise in Chronic Stable Angina Pectoris 

Kenneth R. Rice, Ernest Gervino, Wolfram R. Jarisch, and 
Peter H. Stone 


To determine the mechanism of action of nifedipine and its 
dose-response relation, 14 patients with stable angina were 
treated with nifedipine 10, 20 and 30 mg 4 times daily as 
single-agent therapy in a double-blind, randomized, placebo- 
controlled crossover trial. Treatment was continued for 1 week 
on each dose regimen and efficacy was determined using an 
exercise test. Data indicate that since nifedipine was effective 
in improving manifestations of ischemia during exercise with- 
out altering the double product, its beneficial mechanism of 
action may have been due to enhancing blood flow to ischemic 
zones or to favorably altering other determinants of myocardi- 
al oxygen demand. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 
—— STRANS 
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Signal-Averaged Electrocardiographic Late Potentials 
in Resuscitated Survivors of Out-of-Hospital 
Ventricular Fibrillation 

G. Lee Dolack, David B. Callahan, Gust H. Bardy, and 

H. Leon Greene 


We evaluated 46 patients with ventricular fibrillation and 25 
patients with sustained ventricular tachycardia using signal- 
averaged electrocardiography and programmed electrical stim- 
ulation in an effort to characterize the electrophysiologic sub- 
strate for their different clinical presentations. Our results pro- 
vide further evidence of unique electrophysiologic substrates in 
the 2 patient groups, and also raise questions about the ability 
of signal-averaged electrocardiography to predict results of 
electrophysiologic testing in a specific patient subset. 


1105 

Usefulness of Right Ventricular Pulse Pressure as a 
Potential Sensor for Hemodynamically Unstable 
Ventricular Tachycardia 

Kenneth A. Ellenbogen, Bin Lu, Ketan Kapadia, Mark Wood, 
and Harry Valenta 


A future goal for antitachycardia devices is the incorporation 
of a sensor that assesses the hemodynamic stability of a ven- 
tricular tachyarrhythmia. We studied 27 patients with sus- 
tained ventricular tachycardia /ventricular fibrillation during 
70 episodes of tachycardia. We measured mean and phasic 
arterial pressures and right ventricular pulse pressure before, 
during the first 30 beats of tachycardia and immediately after 
termination of tachycardia. Our findings suggest that RV 
pulse pressure has potential utility as a hemodynamic sensor 
during VT. 


1112 

Risk for Systemic Embolization of Atrial Fibrillation 
Without Mitral Stenosis 

Henry S. Cabin, K. Soni Clubb, Cynthia Hall, 

Robin A. Perlmutter, and Alvan R. Feinstein 


The risk for systemic embolization was studied in 272 patients 
without mitral stenosis who were referred to the echocardiog- 
raphy laboratory with atrial fibrillation. In multivariate analy- 
sis, left atrial size >4.0 cm was the single strongest predictor of 
increased risk for embolization (p <.001), but female sex (p = 
0.014) and underlying heart disease (p = 0.027) also contrib- 
uted. Each of these 3 factors was assigned 1 point in a risk 
score that allows patients with AF and without mitral stenosis 
to be stratified into high-, medium- and low-risk groups for 
systemic embolization; such information could be useful in de- 
cision making for anticoagulation in patients with AF. 
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Right Ventricular Diastolic Function in Systemic 
Hypertension 

Simon Chakko, Eduardo de Marchena, Kenneth M. Kessler, 
Barry J. Materson, and Robert J. Myerburg 


Right and left ventricular diastolic function was studied in 50 
patients with essential hypertension and 10 normotensive con- 
trol subjects using pulsed-wave Doppler echocardiography. Pa- 
tients with pulmonary, valvular or coronary artery disease were 
excluded and antihypertensive drugs were discontinued for the 
2 weeks preceding the study. Data indicate that RV diastolic 
function is abnormal in essential hypertension and these abnor- 
malities are closely related to those of LV diastolic function. 


CONGESTIVE HEART FAILURE 
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1121 etd eo rm m L o 
Effect of Dobutamine on Skeletal Muscle Metabolism in 
Patients with Congestive Heart Failure 

Donna M. Mancini, Mitchell Schwartz, Nancy Ferraro, 
Richard Seestedt, Britton Chance, and John R. Wilson 


Dobutamine is known to increase leg blood flow during exer- 
cise in patients with congestive heart failure. Using magnetic 
resonance spectroscopy, we studied the effects of dobutamine 
in 7 patients with CHF who performed resting and upright 
plantar flexion. Our findings suggest that dobutamine did not 
improve oxygen delivery to working skeletal muscle in patients 
with CHF, despite its ability to increase cardiac output and 
limb blood flow. 


1127 Cig S ECT RC IRA Pe o 
Assessment of Peak Oxygen Consumption, Lactate and 
Ventilatory Thresholds and Correlation with Resting 
and Exercise Hemodynamic Data in Chronic Congestive 
Heart Failure 

Marco Metra, Riccardo Raddino, Livio Dei Cas, and 

Odoardo Visioli 


Does respiratory gas analysis during exercise have a clinical 
value? Thirty-four patients with chronic congestive heart fail- 
ure underwent maximal exercise testing with expiratory gas 
monitoring, serial determinations of mixed venous lactate and 
hemodynamic measurements. Our results show that peak oxy- 
gen consumption and lactate and ventilatory thresholds can be 
detected in most patients with chronic CHF, and that these 
parameters are highly correlated to each other. 
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Hypertrophic 

Dose Thallium-Dip 

Yoshinori Koga, Ryutaro Yamaguchi, Masahiko Ogata, 
Kazuo Kihara, and Hironori Toshima 


Split-dose thallium-dipyridamole myocardial scintigraphy was 
performed in 30 patients with hypertrophic cardiomyopathy 
and coronary vasodilatory capacity was evaluated by calculat- 
ing dipyridamole-induced increases in thallium uptake. The 
increases in patients with HC were significantly lower than 
those in 13 control subjects (177 + 58 vs 281 + 46%). Approx- 
imately one-half of HC patients presented with impaired coro- 
nary vasodilatory capacity, which could be an important 
pathophysiologic abnormality inducing myocardial ischemia. 


MISCELLANEOUS 
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Echocardiographic Assessment of the Left Ventricle of 
Endurance Athletes Just Before and After Exercise 
Robert F. Percy, Donald A. Conetta, and Alan B. Miller 


Fourteen normal subjects and 10 endurance athletes were 
studied using postexercise echocardiography to assess left ven- 
tricular wall thickness, afterload and systolic performance. 
Data indicate that endurance athletes have lower afterload at 
rest and greater decrease in afterload after maximal exercise 
compared to untrained normal subjects. The athletes’ greater 
LV wall thickness appears to account for their lower afterload, 
thereby contributing to their superior LV systolic performance. 


11445. |  — 1 .][1[1— ————————————— 
Cardiac Involvement in Systemic Lupus Erythematosus 
Detected by y 

lan G. Crozier, Edmund Li, Margaret J. Milne, and 

M. Gary Nicholls 


Fifty consecutive patients with systemic lupus erythematosus 
and 50 age- and sex-matched control subjects participated in 
this prospective study of cardiac involvement in SLE. Doppler 
and echocardiographic studies were performed, and results 
demonstrate that pericardial effusion, valvular regurgitation 
and myocardial abnormalities are frequently present in pa- 
tients with SLE. 
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Prevalence and Clinical I of Atrial 
Contrast in Patients Undergoing 
Echocardiography 


ransesophageal 
Ramon Castello, Anthony C. Pearson, and Arthur J. Labovitz 


The prevalence of atrial spontaneous contrast was evaluated in 
150 consecutive patients undergoing transesophageal echocar- 
diography. Data indicate that spontaneous echocardiographic 
contrast is a common phenomenon observed in approximately 
20% of the patients undergoing transesophageal echocardiog- 
raphy. Its relation with thrombus formation and prognostic 
significance requires further evaluation. 


1154 

In Vivo Phosphorus-31 Spectroscopic Imaging in 
Patients with Global Myocardial Disease 

Saul Schaefer, Joel R. Gober, Gregory G. Schwartz, 
Donald B. Twieg, Michael W. Weiner, and Barry Massie 


Seventeen patients and 14 control subjects were studied using 
phosphorus-31 nuclear magnetic resonance imaging. The ratio 
of phosphocreatine to adenosine triphosphate did not differ 
significantly between normal subjects and patients. A promi- 
nent peak in the phosphodiester region was seen much more 
frequently in patients with dilated cardiomyopathy, resulting 
in significantly higher ratios of phosphodiesters to phosphocre- 
atine and phosphodiesters to adenosine triphosphate in this 
group compared to normal subjects, respectively. Phosphodies- 
ter peaks were infrequently seen in patients with left ventricu- 
lar hypertrophy. These initial results indicate that, under rest- 
ing conditions, the ratio of phosphocreatine to adenosine tri- 
phosphate is not consistently altered in patients with severe 
global cardiomyopathies or hypertrophy, while phosphodies- 
ters are elevated in patients with dilated cardiomyopathy. 


FROM THE EDITOR 
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Editorial Board Meeting of The American Journal of 
Cardiology—March 1990 

William C. Roberts 


INSTRUCTIONS TO AUTHORS on page A67 


CLASSIFIED ADVERTISING on pages A17, ASO, 
A60, A64 
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BALANCED CARDIODYNAMICS 
ARE WHAT MAKE CARDIZEM 


diltiazem HCI/Mario 
CARDIZEM" (diltiazem HCI) is indicated in the treatment of angina 
; pectoris due to coronary artery spasm and in the management of 
Please see brief ae TOF. Chronic stable angina (classic effort-associated angina) in patients who 


of prescribing information cannot tolerate therapy with beta-blockers and/or nitrates or who remain 
on next page. symptomatic despite adequate doses of these agents. 











060mg X 90 mg 


Usual maintenance dosage: 
180 to 360 mg/day 


CARDIZEM vo: 


diltiazem HC!/Marion 





MAKING THE DIFFERENCE IN ANGINA 


BRIEF SUMMARY 


CARDIZEM” 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick Sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 


WARNINGS 

| Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome. 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0.48%). Concomitant use of diltiazem with beta-blockers 
or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal’s angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/df). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in sorne. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) !S exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
studies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued. 
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90mg 420 mg 


Drug Interaction. Due fo the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known fo affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers 
or digitalis concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating 
patients with multiple medications CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels. 

Beta-blockers: Controlled and uncontrolled domestic stud- 
ies suggest that concomitant use of CARDIZEM and beto- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50%. 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) 
and area-under-the-curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day. 
Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine's known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it iS recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy to avoid possible over- or under- 
digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, con- 
ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 
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embryo and fetal lethality. These doses, in some studies, have 
been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presenta- 
tion are: edema (2.4%), headache (2. 1 96), nausea (1.996), 
dizziness (1.596), rash (1.396), asthenia (1.2%). In addi- 
tion, the following events were reported infrequently (less than 
196): 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, palpitations, syncope. 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
sia, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease. 

Dermatologic: ^ Petechioe, pruritus, photosensitivity, urti- 
caria. 

Other: Amblyopia, CPK elevation, dyspnea, epi- 


stoxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established. 
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One in a series of actual case studies describing expanding 
applications for intra-aortic balloon pump (IABP) therapy in 
conjunction with recent advances in revascularization. 






DIAGNOSIS: Acute Myocardial Infarction 
A 57 year-old man presented to the ER with substernal chest pain. The ECG demonstrated 
ST segment elevation in leads V1-V6 compatible with a hyperacute anterolateral myocardial infarction. 


TREATMENT 


* The patient was treated with intravenous nitroglycerine, intravenous Lopressor® and aspirin. 


__ * Lidocaine- A 75 mg. bolus injection was administered intravenously, followed by a continuous infusion at T 
^* 2 mg/min. nh 


3° Thrombolytic drug- A 1.5 million unit infusion was administered. 
e Heparin- A 5000 unit bolus injection was given, as well as a continuous infusion at 1000 units/hr 














The patient failed to respond and exhibited chest pain and persistent ECG changes. 


+ 
Lopressor® is a registered trademark of Geigy Pharmaceuticals Div. of Ciba-Geigy Corp. 


INTERVENTION Á 


Intra-aortic balloon pump therapy was initiated to restore hemodynamic stability and optimize | É 
myocardial salvage. ES 
OUTCOME E: 


Within 15 minutes of the initiation of counterpulsation, the patient was free of chest pain and his 
blood pressure was stabilized. The patient was taken to the OR for a double saphenous vein bypass 
grafting procedure on the LAD and OM arteries. No excessive bleeding was noted. 


| DISCUSSION 


TAB therapy can be used safely and early in patients with AMI who have received thrombolytic 
therapy. The complication rates are no greater than in patients treated with heparin alone during IAB 
therapy. Although thrombolysis has Improved our ability to intervene in patients with AMI, there are still 

a considerable number of patients who require stabilization or acute intervention. IABP 
_ in these patients when clinically indicated ."! 


l Goodwin MJ, Hartmann JR, McKeever LS, Bufalino VJ, Marek JC, Brown AS, Colandrea MA, Stamato 
BALLOON COUNTERPULSATION IN PATIENTS WITH ACUTE 







can be used early 


NJ, Cahill JM, O'Donnell MJ, Amirparviz E Enger EL: SAFETY OF INTRA-AORTIC — 
MYOCARDIAL INFARCTION RECEIVING STREPTOKINASE INTRAVENOUSLY. Am J Cardiol 1989: 64-937-938, : 


Bibliography 4 
For more information on the use of IABP and thrombolytic therapy and other applications, call or write | 


for a free copy of Datascope's 60-page comprehensive bibliography of articles on IABP from standard medi- 
cal sources. Datascope Corp., 14 Philips Parkway, Montvale, NJ. 07645. Tel: 1-(800) 288-2121. 





setete, *e58 
"" S8G5eees ~os 
LE 

T2348 111212005 

‘Ss 111110124 


Datascope Corp. * 14 Philips Parkway, Montvale, N.J. 07645, U.S.A. » Tel. (201) 391-8100 (Corporate Headquarters) 
Datascope B.V. e Postbox 26, 3870 CA Hoevelaken, Holland * Tel. 03495-34514 (European Headquarters) 
Datascope GmbH * AM Wall 190, 2800 Bremen 1, West Germany e Tel. 421-321818/19 
Datascope Medical Co. Ltd., * Science Park, Milton Rd, Cambridge CB4 4WE, England * Tel. 0223-420 333 


-sous-Bois, France e Tel. (1) 48 59 98 44 


Datascope SARL * Rond Point 93, 65 Ave. du Général Gallieni, 93100 Montreuil 




















CONTENTS/ABSTRACTS The MAY 1, 1990, VOL. 65, NO. 16 


American 
Journal 


of 
Cardiology 


CORONARY ARTERY DISEASE 


LONE ee eae ae o a eae a nS p ite RTP AE 
Effectiveness of Multiple Bolus Administration of Tissue-Type 
Plasminogen Activator in Acute Myocardial Infarction 

Mohamed I. Khan, David R. Hackett, Felicita Andreotti, Graham J. 
Davies, Tessa Regan, Agha W. Haider, Eugene McFadden, Peter Halson, 
and Attilio Maseri 


To investigate the feasibility, safety, efficacy and possible advantages of 
multiple bolus injections of rt-PA, this study investigated 26 consecutive 
patients with acute myocardial infarction of <6 hours’ duration who were 
randomized either to an intravenous infusion or 4 serial bolus injections of 
rt-PA. Recanalization time was 39 + 6 minutes in 7 of 12 patients (58%; 
95% confidence interval 28 to 85%) in the infusion group compared to 28 
+ 6 minutes in 11 of 14 patients (79%; 95% confidence interval 49 to 95%) 
in the bolus group. The duration of acute ischemia assessed by continuous 
electrocardiographic ST-segment monitoring appeared to be shorter in the 
bolus group. There appeared to be fewer bleeding complications and there 
was less prolonged fibrinogen depletion in the bolus group. 


toer aoia MR URINE PRU RE E mI RR RANT 
Prognostic Significance of Sustained Monomorphic Ventricular 
Tachycardia Induced by Programmed Ventricular Stimulation 
Using up to Triple Extrastimuli in Survivors of Acute 
Myocardial Infarction 

Yoshito lesaka, Akihiko Nogami, Kazutaka Aonuma, Junichi Nitta, 
Yeong-Hwa Chun, Hideomi Fujiwara, and Masayasu Hiraoka 


The prognostic significance of programmed ventricular stimulation with 
up to 3 extrastimuli was evaluated in 133 consecutive survivors of acute 
myocardial infarction with a mean follow-up period of 21 months. The 
inducibility of sustained monomorphic ventricular tachycardia was shown 
to be an independent predictor of sudden cardiac death and spontaneous 
sustained ventricular tachycardia. 
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Frequency, Characteristics and Significance of 
Supraventricular Tachyarrhythmias Detected by 24-Hour 
Electrocardiographic Recording in the Late Hospital Phase of 
Acute Myocardial Infarction 

M. Zoni Berisso, Lorenzo Carratino, Antonello Ferroni, Giuseppe S. Mela, 
Gianfranco Mazzotta, and Carlo Vecchio 


The clinical significance of supraventricular tachyarrhythmias occurring 
on hospital discharge after acute myocardial infarction (AMI) was as- 
sessed in 209 consecutive patients. Complex forms of supraventricular 
tachyarrhythmias were associated with worse underlying clinical condi- 
tions, low left ventricular ejection fraction, cardiac enlargement and 2- 
year increased risk of morbidity from congestive heart failure and mortali- 
ty from cardiac causes. Such arrhythmias, however, did not predict the 
subsequent clinical course during medical therapy independently of left 
ventricular dysfunction. These results suggest that in the late hospital P 
phase of AMI the presence of complex supraventricular tachyarrhythmias 
can select patients with left ventricular dysfunction and poor subsequent 
clinical course, and that these arrhythmias might benefit from the use of 
drugs to improve myocardial function. 


C099 oe IERI ONDE RUTRUM RCM TN E 
Comparison of Contrast Angiography and Two-Dimensional 
Echocardiography for the Evaluation of Left Ventricular 
Regional Wall Motion Abnormalities After Acute Myocardial 
Infarction 

Craig Lundgren, Patrick D.V. Bourdillon, James C. Dillon, and 

Harvey Feigenbaum 


Regional left ventricular wall motion abnormalities were assessed using 2- 

dimensional echocardiography and contrast ventriculography within 12 

hours after onset of chest pain in 20 patients with acute myocardial 2 
‘nfarction. The center-line chord technique was used for analysis of con- » 
trast ventriculograms and a 16-segment scoring system was used to derive 

a global wall motion index and anterior and infero-posterolateral regional 

wall motion indexes for echocardiographic analysis, using both an overlap 

and a nonoverlap system. There was a significant inverse correlation 

between the standard (nonoverlap) echocardiographic analysis and the 

standard (overlap) angiographic analysis for infarct regions (r = 0.59, p 

<0.05). Fifteen of 18 patients with angiographic infarct regional score 

« — | standard deviation /chord had an echocardiographic index of 21.5 

while 15 of 16 patients with echocardiographic regional infarct index of 

>1.5 had an angiographic score of €—1 standard deviation /chord. We 

conclude that 2-dimensional echocardiography, which is noninvasive and 

more easily repeatable for serial studies, yields similar results to contrast 

angiography for the assessment of regional wall motion abnormalities 

after acute myocardial infarction. 
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makes a lifesaving difference. 


The TENORMIN regimen (I.V. Injection 
_ followed by Tablets) increases survival 
in acute and post-MI. 


The lifesaving benefits of TENORMIN were firmly 
established in a study of 16,027 patients with suspect- 
ed acute myocardial infarction." Appropriate patients' 
received an immediate IV injection followed by oral 
therapy. Week-one mortality was reduced by 1596. 
However, when therapy was initiated within 2 hours 
. of the onset of pain, week-one mortality was decreased 
= by 53% compared to conventional therapy alone.* 
Therapy with TENORMIN Tablets: may be continued 
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BRIEF SUMMARY (For full prescribing intormation, see package insert.) 
NDICATIONS AND USAGE: Hypertension: TENORMIN (atenolol) is indicated in the management of hypertension. It may be 
ised alone or concomitantly with other antihypertensive agents, particularly with a thiazide-type diuretic. 

oe Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term management of patients with 

Acts vm; 

uto Myocardial Infarction: TENORMIN is indicated in the management of hemodynamically stable patients with definite or 
suspected acute myocardial infarction to reduce cardiovascular mortality. Treatment can be initiated as soon as the patient's 
inica ‘condition allows. (See DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS.) In general, there is no 
yasis for treating patients like those who were excluded from the ISIS-1 trial (blood pressure less than 100 mm Hg systolic, heart 
ate less than 50 bpm) or have other reasons to avoid beta blockade. As noted above, some subgroups (eg, elderly patients with 
systolic blood pressure below 120 mm Hg) seemed less likely to benefit. 
SONTRAINDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater than first degree, cardiogenic 
‘shock, and overt cardiac failure. (See WARNINGS.) 
'NARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory function in congestive heart 
ailure, and beta blockade carries the potential hazard of further depressing myocardial contractility and precipitating more severe 
ailure, In patients who have congestive heart failure controlled by digitalis and diuretics, TENORMIN should be administered 
sautiously. Both digitalis and atenolol slow AV conduction. 
_In patients with acute myocardial infarction, cardiac failure which is not promptly and effectively controlled by 80 mg of 
pee! furosemide or equivalent therapy is a contraindication to beta-blocker treatment. 
. In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking agents over a 
»eriod of time can, in some cases, lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be given a diuretic and the response observed closely. If cardiac failure continues despite 
adequate digitalization and diuresis, TENORMIN should be withdrawn. (See DOSAGE AND ADMINISTRATION.) 


. Cessation of Therapy With TENORMIN: Patients with coronary artery disease, who are being treated with TENORMIN, 
- should be advised against abrupt discontinuation of therapy. Severe exacerbation of angina and the occurrence of myocardial 
. infarction and ventricular arrhythmias have been reported in angina patients following the abrupt discontinuation of therapy 

- with other beta blockers. The last two complications may occur with or without preceding exacerbation of the angina pectoris. 
- As with other beta blockers, when discontinuation of TENORMIN is planned, the patients should be carefully observed and ad- 











vised to limit physical activity to a minimum. If the angina worsens or acute coronary insufficiency develops, it is recommend- 


. ed that TENORMIN be promptly reinstituted, at least temporarily. (See DOSAGE AND ADMINISTRATION.) 


- Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE BETA 
BLOCKERS. Because of its relative beta, selectivity, however, TENORMIN may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity 
E absolute, the lowest possible dose of TENORMIN should be used with therapy initiated at 50 mg and a beta -stimulat- 

agent (bronchodilator) should be made available. If dosage must be increased, dividing the dose should be considered 
|n order to achieve lower peak blood levels. 

Anesthesia and Major Surgery: It is not advisable to withdraw beta-adrenoreceptor blocking drugs prior to surgery in the 
majority of patients. However, care should be taken when using anesthetic agents such as ether, cyclopropane and 
"trichlorethylene. Vagal dominance, if it occurs, may be corrected with atropine (1-2 mg IV). 
| Additionally, caution should be used when TENORMIN I.V. Injection is administered concomitantly with such agents. 

_ TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects on the heart can be 
reversed by administration of such agents: eg, dobutamine or isoproterenol with caution (see section on OVERDOSAGE). 

Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a beta-blocking agent is required. 
Beta blockers may mask tachycardia occurring with hypoglycemia, but other manifestations such as dizziness and sweating may 
not be significantly affected. At recommended doses, TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike 

nonselective beta blockers, does not delay recovery of blood glucose to normal levels. 

l . Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of hyperthyroidism. Patients 

‘suspected of having thyroid disease should be monitored closely when administering TENORMIN I.V. Injection. Abrupt 

withdrawal of beta blockade might precipitate a thyroid storm; therefore, patients suspected of developing thyrotoxicosis from 

‘whom TENORMIN therapy is to be withdrawn should be monitored closely. (See DOSAGE AND ADMINISTRATION.) 
CAUTIONS: General: Patients already on a beta blocker must be evaluated carefully before TENORMIN is administered. 

Initial and subsequent TENORMIN dosages can be adjusted downward depending on clinical observations including pulse and 

blood pressure. 

Howe Renal Function: The drug should be used with caution in patients with impaired renal function. (See DOSAGE AND 

ADMINISTRATION.) 

. Drug Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect when given with beta-blocking 

| agents. Patients treated with TENORMIN plus a catecholamine depletor should therefore be closely observed for evidence of 

 hypote ion and/or marked bradycardia which may produce vertigo, syncope, or postural hypotension. 

. Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine concurrently, the beta blocker 

‘should be discontinued several days before the gradual withdrawal of clonidine. 

< Caution should be exercised with TENORMIN I.V. Injection when given in close proximity with drugs that may also have a 

depressant effect on myocardial contractility. On rare occasions, concomitant use of intravenous beta blockers and intravenous 

verapamil has resulted in serious adverse reactions, especially in patients with severe cardiomyopathy, congestive heart failure, 

or recent myocardial infarction. 

. Information on concurrent usage of atenolol and aspirin is limited. Data from several studies, ie, TIMI-II, ISIS-2, currently do 
‘Not suggest any clinical interaction between aspirin and beta blockers in the acute myocardial infarction setting. 

qi Carcinogenesis, Mutagenesis, Impairment of Fertility: Two long-term (maximum dosing duration of 18 or 24 months) 
fat studies and one long-term (maximum dosing duration of 18 months) mouse study, each employing dose levels as high as 
- 800 mg/kg/day or 150 times the maximum recommended human antihypertensive dose," did not indicate a carcinogenic 
_ potential of atenolol. A third (24 month) rat study, employing doses of 500 and 1,500 mg/kg/day (250 and 750 times the 

maximum recommended human antihypertensive dose") resulted in increased incidences of benign adrenal medullary tumors 
in males and females, mammary fibroadenomas in females, and anterior pituitary adenomas and thyroid parafollicular cell 
carcinomas in males. No evidence of a mutagenic potential of atenolol was uncovered in the dominant lethal test (mouse), 

- jn vivo cytogenetics test (Chinese hamster) or Ames test (S typhimurium). 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the maximum recommended 
human dose*) was unaffected by atenolol administration. 

Animal Toxicology: Chronic studies employing oral atenolol performed in animals have revealed the occurrence of 
vacuolation of epithelial cells of Brunner's glands in the duodenum of both male and female dogs at all tested dose levels of 
atenolol (starting at 15 mg/kg/day or 7.5 times the maximum recommended human antihypertensive dose*) and increased 
incidence of atrial degeneration of hearts of male rats at 300 but not 150 mg atenolol/kg/day (150 and 75 times the maximum 
recommended human antihypertensive dose,* respectively). 

Usage in Pregnancy: Pregnancy Category C: Atenolol has been shown to produce a dose-related increase in embryo/fetal 
 resorptions in rats at doses equal to or greater than 50 mg/kg/day or 25 or more times the maximum recommended human an- 
tihypertensive dose." Although similar effects were not seen in rabbits, the compound was not evaluated in rabbits at doses 
above 25 mg/kg/day or 12.5 times the maximum recommended human antihypertensive dose." There are no adequate and well- 
controlled studies in pregnant women. TENORMIN should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared to the concentration in 
plasma. Caution should be exercised when TENORMIN is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

.— * Based on the maximum dose of 100 mg/day in a 50 kg patient weight. 

ADVERSE REACTIONS: Most adverse effects have been mild and transient. Frequency estimates were derived from controlled 
studies in hypertensive patients in which adverse reactions were either volunteered by the patient (US studies) or elicited, eg, by 
checklist (foreign studies). The reported frequency of elicited adverse effects was higher for both TENORMIN and placebo- 
treated patients than when these reactions were volunteered. Where frequency of adverse effects of TENORMIN and placebo is 

' similar, causal relationship to TENORMIN is uncertain. 

| The following adverse-reaction data present frequency estimates in terms of percentages: first from the US studies 

(volunteered side effects) and then from both US and foreign studies (volunteered and elicited side effects): 

US STUDIES (ATENOLOL, n=164; PLACEBO, n=206 ) (% ATENOLOL-% PLACEBO): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension (296-176), leg pain (0%-0.5%) 

... CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (496-196), vertigo (2%-0.5%), light-headedness (176-076), tired- 
- ness (0.6%-0.5%), fatigue (3%-1%), lethargy (196-096), drowsiness (0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 

TOTALS US AND FOREIGN STUDIES (ATENOLOL, n=399; PLACEBO, n=407): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5%), postural hypotension (4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), light-headedness (3%-0.7%), 


tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsiness (2%-0.5%), depression (12%-9%), dreaming (3%-1%) 


GASTROINTESTINAL: diarrhea (3%-2%), nausea (3%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (3%-3%), dyspnea (6%-4%) 

In a series of investigations in the treatment of acute myocardial infarction, bradycardia and hypotension occurred more 
commonly, as expected for any beta blocker, in atenolol-treated patients than in control patients. However, these usually 
responded to atropine and/or to withholding further dosage of atenolol. The incidence of heart failure was not increased by 

. atenolol. Inotropic agents were infrequently used. The reported frequency of these and other events occurring during these 
investigations is given below. 






In a study of 477 patients, the following adverse events were reported during either intravenous and/or oral atenolol 


administration: 

co THERAPY PLUS ATENOLOL (n=244): bradycardia, 43 (18%); hypotension, 60 (25%); bronchospasm, 
3 (1.2%); heart failure, 46 (1 9%); heart block, 11 (4.5%); BBB + major axis deviation, 16 (6.6%); supraventricular 
tachycardia, 28 (11.5%); atrial fibrillation, 12 (5%); atrial flutter, 4 (1 6%); ventricular tachycardia, 39 (16%); cardiac 
reinfarction, 0 (0%); total cardiac arrests, 4 (1.6%); nonfatal cardiac arrests, 4 (1.6%); deaths, 7 (2.9%); cardiogenic 
shock, 1 (0.4%); development of ventricular septal defect, 0 (0%); development of mitral regurgitation, 0 (0%); renal 
failure, 1 (0.4%); pulmonary emboli, 3 (1.2%) 

CONVENTIONAL THERAPY ALONE (n=233): bradycardia, 24 (10%); hypotension, 34 (15%); bronchospasm, 2 (0.9%); 
heart failure, 56 (24%); heart block, 10 (4.3%); BBB + major axis deviation, 28 (12%); supraventricular tachycardia, 45 
(19%); atrial fibrillation, 29 (11%), atrial flutter, 7 (3%); ventricular tachycardia, 52 (22%); cardiac reinfarction, 6 (2.6%); 
total cardiac arrests, 16 (6.9%); nonfatal cardiac arrests, 12 (5.1%); deaths, 16 (6.9%); cardiogenic shock, 4 (1.7%); 
development of ventricular septal defect, 2 (0.9%); development of mitral regurgitation, 2 (0.9%); renal failure, 0 (0%); 
pulmonary emboli, 0 (0%) 

in the subsequent International Study of Infarct Survival (ISIS-1) including over 16,000 patients of whom 8,037 were 
randomized to receive TENORMIN (atenolol) treatment, the dosage of intravenous and subsequent oral TENORMIN was 
either discontinued or reduced for the following reasons: 


Reasons for Reduced Dosage 
IV Atenolol Oral 
Reduced Dose («5 mg)* Partial Dose 
Hypotension/Bradycardia 105 (1.3%) 1168 (14.5%) 
Cardiogenic Shock 4 (.04%) 35 (.44%) 
Reinfarction 0 (0%) 5 (.06%) 
Cardiac Arrest 5 (.06%) 28 (.34%) 
Heart Block (>first degree) 5 (.06%) 143 (1.7%) 
Cardiac Failure 1 (.01%) 233 (2.9%) 
Arrhythmias 3 (.04%) 22 (.27%) 
Bronchospasm 1 (.01%) 50 (.62%) 


* Full dosage was 10 mg and some patients received less than 10 mg but more than 5 mg. 
POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported with other beta-adrenergic 
blocking agents, and may be considered potential adverse effects of TENORMIN. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Allergic: Fever, combined with aching and sore throat, laryngospasm, and respiratory distress. 

Central Nervous System: Reversible mental depression progressing to catatonia; visual disturbances; hallucinations; 
an acute reversible syndrome characterized by disorientation of time and place; short-term memory loss; emotional lability 
with slightly clouded sensorium; and, decreased performance on neuropsychometrics. 

Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Other: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon. 

Miscellaneous: There have been reports of skin rashes and/or dry eyes associated with the use of beta-adrenergic 
blocking drugs. The reported incidence is small, and in most cases, the symptoms have cleared when treatment was 
withdrawn. Discontinuance of the drug should be considered if any such reaction is not otherwise explicable. Patients 
should be closely monitored following cessation of therapy. (See DOSAGE AND ADMINISTRATION.) 

The oculomucocutaneous syndrome associated with the beta blocker practolol has not been reported with TENORMIN. 
Furthermore, a number of patients who had previously demonstrated established practolol reactions were transferred to 
TENORMIN therapy with subsequent resolution or quiescence of the reaction. 

OVERDOSAGE: Overdosage with TENORMIN has been reported with patients surviving acute doses as high as 5g. One 
death was reported in a man who may have taken as much as 10 g acutely. 

The predominant symptoms reported following TENORMIN overdose are lethargy, disorder of respiratory drive, 
wheezing, sinus pause and bradycardia. Additionally, common effects associated with overdosage of beta-adrenergic 
blocking agent and which might also be expected in TENORMIN overdose are congestive heart failure, hypotension, 
bronchospasm and/or hypoglycemia. 

Treatment of overdose should be directed to the removal of any unabsorbed drug by induced emesis, gastric lavage, 
or administration of activated charcoal. TENORMIN can be removed from the general circulation by hemodialysis. Other 
treatment modalities should be employed at the physician's discretion and may include: 

BRADYCARDIA: Atropine intravenously. If there is no response to vagal blockade, give isoproterenol cautiously. In 
refractory cases, a transvenous cardiac pacemaker may be indicated. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CARDIAC FAILURE: Digitalize the patient and administer a diuretic. Glucagon has been reported to be useful. 

HYPOTENSION: Vasopressors such as dopamine or norepinephrine (levarterenol). Monitor blood pressure continuously. 

BRONCHOSPASM: A beta, stimulant such as isoproterenol or terbutaline and/or aminophylline. 

HYPOGLYCEMIA: Intravenous glucose. 

Based on the severity of symptoms, management may require intensive support care and facilities for applying cardiac 
and respiratory support. 

DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as one tablet a day either 
alone or added to diuretic therapy. The full effect of this dose will usually be seen within one to two weeks. If an optimal 
response is not achieved, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Increasing the 
dosage beyond 100 mg a day is unlikely to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including thiazide-type diuretics, 
hydralazine, prazosin, and alpha-methyldopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal response is not 
achieved within one week, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Some patients 
may require a dosage of 200 mg once a day for optimal effect. 

Twenty-four hour control with once daily dosing is achieved by giving doses larger than necessary to achieve an immedi- 
ate maximum effect. The maximum early effect on exercise tolerance occurs with doses of 50 to 100 mg, but at these doses 
the effect at 24 hours is attenuated, averaging about 50% to 75% of that observed with once a day oral doses of 200 mg. 

Acute Myocardial Infarction: In patients with definite or suspected acute myocardial infarction, treatment with 
TENORMIN I.V. Injection should be initiated as soon as possible after the patient's arrival in the hospital and after eligibility 
is established. Such treatment should be initiated in a coronary care or similar unit immediately after the patient's 
hemodynamic condition has stabilized. Treatment should begin with the intravenous administration of 5 mg TENORMIN 
over 5 minutes followed by another 5 mg intravenous injection 10 minutes later. TENORMIN I.V. Injection should be 
administered under carefully controlled conditions including monitoring of blood pressure, heart rate, and electrocardio- 
gram. Dilutions of TENORMIN I.V Injection in Dextrose Injection USP, Sodium Chloride Injection USP, or Sodium Chloride 
and Dextrose Injection may be used. These admixtures are stable for 48 hours if they are not used immediately. 

In patients who tolerate the full intravenous dose (10 mg), TENORMIN Tablets 50 mg should be initiated 10 minutes after 
the last intravenous dose followed by another 50 mg oral dose 12 hours later. Thereafter, TENORMIN can be given orally 
either 100 mg once daily or 50 mg twice a day for a further 6-9 days or until discharge from the hospital. If bradycardia or 
hypotension requiring treatment or any other untoward effects occur, TENORMIN should be discontinued. (See full 
prescribing information prior to initiating therapy with TENORMIN Tablets.) 

Data from other beta blocker trials suggest that if there is any question concerning the use of IV beta blocker or clinical 
estimate that there is a contraindication, the IV beta blocker may be eliminated and patients fulfilling the safety criteria may 
be given TENORMIN Tablets 50 mg twice daily or 100 mg once a day for at least seven days (if the IV dosing is excluded). 

Although the demonstration of efficacy of TENORMIN is based entirely on data from the first seven postinfarction days, 
data from other beta blocker trials suggest that treatment with beta blockers that are effective in the postinfarction setting 
may be continued for one to three years if there are no contraindications. 

TENORMIN is an additional treatment to standard coronary Care unit therapy. 

Patients With Renal Impairment: Since TENORMIN is excreted via the kidneys, dosage should be adjusted in cases of 
severe impairment of renal function. No significant accumulation of TENORMIN occurs until creatinine clearance falls 
below 35 mL/min/1.73 m? (normal range is 100-150 mL/min/1.73 m?); therefore, the following maximum oral dosages are 
recommended for patients with renal impairment.: 


Atenolol 
Creatinine Clearance Elimination Half-Life 
(h 


(mL/min/1.73 m?) Maximum Dosage 


15-35 16-27 50 mg daily 
«15 »27 50 mg every other day 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under hospital supervision as 
marked falls in blood pressure can OCCUF. 

Cessation of Therapy in Patients With Angina Pectoris: lf withdrawal of TENORMIN therapy is planned, it should be 
achieved gradually, and patients should be carefully observed and advised to limit physical activity to a minimum. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, 
whenever solution and container permit. Rev J 10/89 


References: 1. ISIS-1 (First International Study of Infarct Survival) Collaborative Group. Randomised trial of intravenous 
atenolol among 16,027 cases of suspected acute myocardial infarction: ISIS-1. Lancet. 1986;2:57-66. 2. TENORMIN 
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iri E E A ee aS 
Diagnostic Value of Ambulatory Holter Monitoring for the 
Detection of Coronary Artery Disease in Patients with Variable 
Threshold Angina Pectoris 

Eike Hoberg, Bernd Kunze, Sabine Rausch, Jochem Konig, 

Helmut Schafer, and Wolfgang Kübler 


To determine the diagnostic value of ambulatory Holter monitoring for 
the detection of coronary artery disease (CAD), 216 patients with variable 
threshold angina were compared to 55 patients with fixed threshold angi- 
na. The prevalence of CAD was significantly lower in patients with vari- 
able threshold angina (54 vs 90%, p <0.001), whereas the extent of the 
disease did not differ between both groups. In patients with fixed threshold 
angina, diagnostic accuracy of Holter monitoring was identical to that of 
bicycle exercise electrocardiography (80 vs 80% ). In patients with variable 
threshold angina, however, CAD was better identified by Holter monitor- 
ing than by exercise testing (diagnostic accuracy: 68 vs 55%, p <0.01). 
Holter monitoring is superior to conventional exercise electrocardiography 
to detect CAD in patients with variable threshold angina. 


108A. 1 151 2 ee 
Hemodynamic, Platelet and Clinical Responses to Prostacyclin 
in Unstable Angina Pectoris 

Pierre Théroux, Jean-Gilles Latour, Jean Diodati, Claudette Léger- 
Gauthier, Doris Morissette, Xavier Bosch, Justo De Lara, and 

David Waters 


The clinical, hemodynamic and platelet effects of prostacyclin (PGI2) 
were investigated in a double-blind, randomized, placebo-controlled study 
of 27 patients with unstable angina. Heart rate and blood pressure re- 
mained unchanged during the 72-hour study period. In vitro thromboxane 
B; generation and platelet aggregation to adenosine diphosphate were 
significantly reduced with PGI). However, in vivo markers of coagulation 
were unchanged and no benefits were observed in clinical endpoints. 


1090. _ 1 —————————————— 
Prevalence and Patterns of Silent Myocardial Ischemia During 
Daily Life in Stable Angina Patients Receiving Conventional 
Antianginal Drug Therapy 

Prakash C. Deedwania and Enrique V. Carbajal 


In a group of 105 stable angina patients receiving conventional antianginal 
drug therapy for control of symptoms, we evaluated the prevalence and 
patterns of silent ischemia during ordinary daily activities. Despite ade- 
quate control of anginal symptoms, ambulatory electrocardiographic 
monitoring detected 21 episode of silent ischemia in 45 (43%) patients. 
Of the 188 ischemic episodes, 163 (87%) were silent and accounted for 
5,771 minutes (84%) of total ischemic time. The highest density of silent 
ischemic events was noted between 6 A.M. and 6 P.M. There was no 
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difference between the 2 groups regarding the class or combination of 
antianginal drugs used. The average duration of silent ischemic events was 
significantly shorter (45 minutes) in patients receiving compared to those 
not receiving 8 blockers (65 minutes, p <0.001). 


$007 ass ke et Sree In usd desire ee 
Effects of Nifedipine on Myocardial Perfusion During Exercise 
in Chronic Stable Angina Pectoris 

Kenneth R. Rice, Ernest Gervino, Wolfram R. Jarisch, and Peter H. Stone 


To determine the mechanism of action of nifedipine and its dose-response 
relation, 14 patients with stable angina were treated with nifedipine 10, 20 
and 30 mg 4 times daily as single-agent therapy in a double-blind, ran- 
domized, placebo-controlled crossover trial. Treatment was continued for 
1 week on each dose regimen and efficacy was determined using an 
exercise test. The times to onset of ST-segment depression and to angina 
were delayed significantly by all 3 regimens compared to placebo (p 
<0.02). There was no significant effect on the rate-pressure product 
(double product) compared to placebo at any exercise time on any of the 
dosage schedules, although there was a significant reduction in the magni- 
tude of ST-segment depression at all exercise times by each regimen (p 
<0.05). There were no significant differences among the 3 dosage sched- 
ules. Since nifedipine was effective in improving manifestations of isch- 
emia during exercise without altering the double product, its beneficial 
mechanism of action may have been due to favorably altering blood flow 
to the ischemic zones. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1102 

Signal-Averaged Electrocardiographic Late Potentials in 
Resuscitated Survivors of Out-of-Hospital Ventricular 
Fibrillation 

G. Lee Dolack, David B. Callahan, Gust H. Bardy, and H. Leon Greene 


We evaluated 46 patients with a history of out-of-hospital ventricular 
fibrillation (VF) and 25 patients with a history of sustained ventricular 
tachycardia (VT) using signal-averaged electrocardiography and pro- 
grammed electrical stimulation, in an effort to characterize the electro- 
physiologic substrate responsible for these different clinical presentations. 
Patients with VT had a higher incidence of late potentials (VT 83%, VF 
50%) and were more likely to have a sustained ventricular arrhythmia 
induced at programmed electrical stimulation (VT 96%, VF 59%). VF 
was induced only in patients with a history of VF (24%). When clinical 
characteristics were compared, the groups were similar except for a higher 
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The only beta blocker 
as effective as quinidine 


... without quinidine complications. 


In randomized, double-blind crossover studies,'* Sectral® (acebutolol HCl) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea? Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: “The antiarrhythmic activity of (Sectral®), 
its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia.”2 


Like other beta blockers, Sectral® is contraindicated in persistently severe | 
bradycardia, second- and third-degree heart block, overt congestive i | 
heart failure and.cardiogenic shock. E: 
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gradually until optimal response is obtained, generally between 600 mg E 
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: acebutolol HCI 


| For uncomplicated control of PVCs. 


- (Brief summary of prescribing information) 


|. CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 
2)second- and third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
- WARNINGS) 
WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
circulation in individuals with diminished myocardial contractility, and its inhibition by B - 
. adrenergic receptor blockade may precipitate more severe failure. Although B -blockers should be 
' avoided in overt cardiac failure, SECTRAL can be used with caution in patients with a history of 
- heart failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 
' impair AV conduction. If cardiac failure persists, therapy with SECTRAL should be withdrawn. 
IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the myocardium 
- with B -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
failure, patients should be digitalized and/or be given a diuretic and the response observed 
. closely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 
9 Seed should be withdrawn. 
EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 
. Following abrupt cessation of therapy with certain B-blocking agents in patients with coronary 
| artery disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
. death have been reported. Therefore, such patients should be cautioned against interruption of 
_ therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
_ discontinuation of SECTRAL is planned, the patient should be carefully observed, and should be 
. advised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a 
period of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be 
transferred directly to comparable doses of another agent without interruption of B-blocking 
therapy). If an exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
. immediately in full doses and the patient hospitalized until his condition stabilizes. 
PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and 
| can precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
' mesenteric vascular disease. Caution should be exercised with such patients and they should be 
observed closely for evidence of progression of arterial obstruction. 
|. BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
"GENERAL, NOT RECEIVE A B-BLOCKER. Because of its relative B,-selectivity, however, low 
- doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 
respond to, or who cannot tolerate, alternative treatment. Since B ,-selectivity is not absolute and 
- is dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
' divided doses to avoid the higher plasma levels associated with the longer dose-interval. A 
bronchodilator, such as a theophylline or a B ;"stimulant, should be made available in advance 
' with instructions concerning its use. 


D. ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B- 

|. blocking therapy prior to major surgery is controversial. 8 -adrenergic receptor blockade impairs 

^ the ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 

- benefit in preventing arrhythmic response, the risk of excessive myocardial depression during 

_ general anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
- been reported with beta-blockers. If treatment is continued, particular care should be taken when 

. using anesthetic agents which depress the myocardium, such as ether, cyclopropane and 

| trichlorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL, like 

| other g -blockers, is a competitive inhibitor of g-receptor agonists and its effect on the heart can be 

. reversed by cautious administration of such agents (e.g., dobutamine or isoproterenol—see 

OVERDOSE). Manifestations of excessive vagal tone (e.9., profound bradycardia, hypotension) 

may be corrected with atropine 1 to 3 mg i.v. in divided doses. 

|. DIABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
. mask some of its manifestations such as tachycardia; however, dizziness and sweating are usually 

g -not significantly affected. Diabetic patients should be warned of the possibility of masked 

hypoglycemia. 

| THYROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 

1 Coole Aag Abrupt withdrawal of B-blockade may precipitate a thyroid storm; therefore, 

. patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
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- Should be monitored closely. 
PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
(dn patients with renal insufficiency have not been performed in the U.S. Foreign published 
experience shows that acebutolol has been used successfully in chronic renal insufficiency. 
|. Acebutolo! is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated 
F predominantly by the kidney. There is a linear relationship between renal clearance of diacetolol 
. and creatinine clearance. Therefore, the daily dose of acebutolol should be reduced by 50% when 
-the creatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min. 
' SECTRAL should be used cautiously in patients with impaired hepatic function. 
| SECTRAL has been used successfully and without problems in elderly patients in the U.S. 
|» clinical trials without specific adjustment of dosage. However, elderly patients may require lower 
maintenance doses because the bioavailability of both SECTRAL and its metabolite are 
i new doubled in this age group. 
CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with 
-. the development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 
.. SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall 
. incidence was higher than that observed with propranolol. Symptoms (generally persistent 
. arthralgias and myalgias) related to this laboratory abnormality were infrequent (less than 1% with 
both drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 
|. INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 
— disease, should be warned against interruption or discontinuation of SECTRAL therapy without à 
č iae supervision. Although cardiac failure rarely occurs in properly selected patients, those 
ing treated with B-adrenergic blocking agents should be advised to consult a physician if they 
op signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 


| 
j 
| 
| 
| 


| Patients should also be warned of possible severe hypertensive reactions from concomitant use 
| of a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 
| preparations and nasal drops. 


DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 
| additive effect when given with G-blocking agents. Patients treated with SECTRAL plus 
catecholamine depletors should, therefore, be observed closely for evidence of marked 
| bradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 
static changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 
| responses have been reported from the combined use of B-adrenergic antagonists and a- 
adrenergic stimulants, including those contained in proprietary cold remedies and vaso- 
constrictive nasal drops. Patients receiving 8 -blockers should be warned of this potential 
| hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 
sulfinpyrazone, oral contraceptives, tolbutamide or warfarin have been observed. 
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studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 
to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinogenic 
potential for SECTRAL (acebutolol HCI). Diacetolol, the major metabolite of SECTRAL in man, 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity | 
| 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day. I 


to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in (a 
60 kg) man] and diacetolol, administered to two generations of male and female rats at doses » 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 94 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been f 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been \ 
performed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up l 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation loss with 450 | 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in ( 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to | 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women | 
in the U.S.; however, studies have shown that both acebutolol and diacetolol cross the placenta. ! 
Because animal teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from 
controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 1 














Hydrochloro- 
Body System/ SECTRAL Propranolol thiazide Placebo | 
Adverse Reaction (N=1002) (N=424) (N=178) (N=314) | 
% % % % 
Cardiovascular | 
Chest Pain 2 4 4 1 
Edema 2 2 4 1 SJ 
Central Nervous System v 
Depression 2 1 3 1 AE 
Dizziness 6 7 12 2 i 
Fatigue 11 17 10 4 
Headache 6 9 13 4 
Insomnia 3 6 5 1 
Abnormal 
dreams 2 3 0 1 
Dermatologic | 
Rash 2 2 4 1 | 
Gastrointestinal j 
Constipation 4 2 7 0 | 
Diarrhea 4 5 5 1 | 
Dyspepsia 4 6 3 1 | 
Flatulence 3 E y 1 l 
Nausea 4 6 x 0 
Genitourinary 
Micturition 3 1 9 «1 
(frequency) 
Musculoskeletal i 
Arthralgia 2 1 2 
Myalgia 2 1 E 0 
Respiratory | 
Cough 1 1 2 0 
Dyspnea 4 6 E 2 i 
Rhinitis 2 1 4 «1 
Special Senses 
Abnormal Vision 2 2 3 0 


The following selected (potentially important) side effects were seen in up to 296 of | 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. Central Nervous f 
System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint | 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to y 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.) ~ 


400 mg/ 800 mg/ 1200 mg/ ' 
day day day | 
Body System (N=132) (N=63) (N=71) | 
Cardiovascular 5% 2% 1% i 
Gastrointestinal 3% 3% 7% i 
Musculoskeletal 2% 3% 4% i 
Central Nervous | 
System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% | 
Special Senses 2% 2% 6% | 
Genitourinary 2% 3% 1% | 


PA N ee RE MISERE: N 
POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adverse 
effects of SECTRAL. 
Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 
Cardiovascular. Intensification of AV block (see CONTRAINDICATIONS). 
Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 
Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. | 
Gastrointestinal. Mesenteric arterial thrombosis and ischemic colitis. | 
Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous | 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. 
| 
| 
| 


Keep at room temperature. Approximately 25°C (77°F). 
*Sectral” is not indicated in ventricular tachycardia. 
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incidence of myocardial infarction in patients with VT (VT 80%, VF 
52%). Late potentials were not associated with any clinical parameter or 
with inducibility during programmed electrical stimulation. This study 
provides further evidence for unique electrophysiologic substrates in these 
2 patient groups and raises questions about the ability of signal-averaged 
electrocardiography to predict the results of programmed electrical stimu- 
lation in a specific subset of patients. 


0905 2) oi ee ae 
Usefulness of Right Ventricular Pulse Pressure as a Potential 
Sensor for Hemodynamically Unstable Ventricular Tachycardia 
Kenneth A. Ellenbogen, Bin Lu, Ketan Kapadia, Mark Wood, 

and Harry Valenta 


A future goal for the development of new antitachycardia devices is the 
incorporation of a sensor that assesses the hemodynamic stability of a 
ventricular tachyarrhythmia. We studied 27 patients with sustained ven- 
tricular tachycardia /ventricular fibrillation during 70 episodes of tachy- 
cardia. We measured mean and phasic arterial pressure (mm Hg) and 
right ventricular (RV ) pulse pressure (mm Hg) before, during the first 30 
beats of tachycardia and immediately after termination of tachycardia. 
During ventricular tachycardia, the percent decrease in RV pulse pressure 
correlated best with the percent decrease in mean or systolic arterial 
pressure (r = 0.70, 0.69, respectively, p <0.001 ). The change in RV pulse 
pressure during the first 10 beats of tachycardia was as useful as the 
change in RV pulse pressure during the subsequent 20 beats for predicting 
hemodynamic stability of the arrhythmia. RV pulse pressure has potential 
utility as a hemodynamic sensor during VT. 


$449. ie 34 Los lr Le Lem ee 
Risk for Systemic Embolization of Atrial Fibrillation Without 
Mitral Stenosis 

Henry S. Cabin, K. Soni Clubb, Cynthia Hall, Robin A. Perlmutter, and 
Alvan R. Feinstein 


The risk for systemic embolization was studied in 272 patients without 
mitral stenosis who were referred to the echocardiography laboratory with 
atrial fibrillation (AF). During a mean follow-up period of 33 months, 27 
(1095) patients had a systemic embolic event. In multivariable analysis, 
left atrial size 24.0 cm was the single strongest predictor of increased risk 
for embolization (p «0.001), but female sex (p — 0.014) and underlying 
heart disease (p = 0.027) also contributed. When each of these 3 factors 
was assigned 1 point in a risk score, embolic events were found to occur in 
none of 24 patients with a risk score of 0, in 2 (3%) of 83 patients with a 
risk score of 1, in 13 (1196) of 118 patients with a risk score of 2 and in 12 
(26%) of 47 patients with a risk score of 3. The score allows patients with 
AF and without mitral stenosis to be stratified into high-, medium- and 
low-risk groups for systemic embolization. Such information could be 
useful in decision making for anticoagulation in patients with AF. 
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| References: 1. Lund-Johansen P: Short- and maner (six-year) hemodynamic effects of labetalol in 
essential hypertension. Am J Med 1983:75(suppl 4A):24-31. 2. Koch G: Haemodynamic adaptation at 
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. Trandate“ Tablets 
(labetalol hydrochloride) NC 
| . The following is a brief summary only. Before prescribing, see complete prescribing information in 
'  Trandate* Tablets product labeling. 
CONTRAINDICATIONS: Trandate* Tablets are contraindicated in bronchial asthma, overt cardiac fail- 
ure, greater-than-first-degree heart block, cardiogenic shock. and severe bradycardia (see WARN- 
INGS). 
WARNINGS: Hepatic Injury: Severe hepatocellular injury, confirmed by rechallenge in at least one 
A case. occurs rarely with labetalol therapy. The hepatic injury is usually reversible, but hepatic necrosis 
and death have been reported. Injury has occurred after both short- and long-term treatment and 
! . may be slowly progressive despite minimal symptomatology. Appropriate laboratory testing should 
be done at the first symptom/sign of liver dysfunction (eg. pruritus. dark urine, persistent anorexia, 
|! jaundice, right upper quadrant tenderness, or unexplained “flu-like” symptoms). If the patient has 
laboratory evidence of liver injury or jaundice, labetalol should be stopped and not restarted. 
- Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory function in con- 
| gestive heart failure. Beta-blockade carries a potential hazard of further depressing myocardial 
contractility and precipitating more severe failure. Although beta-blockers should be avoided in overt 
congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with a history 
of heart failure who are well compensated. Congestive heart failure has been observed in patients 
receiving labetalol HCI. Labetalol HCI does not abolish the inotropic action of digitalis on heart 
|; - muscle. 
In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency. continued 
depression of the myocardium with beta-blocking agents over a period of time can. in some cases. 
lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be 
fully digitalized and/or be given a diuretic. and the response should be observed closely. If cardiac 
. . failure continues despite adequate digitalization and diuretic, Trandate* therapy should be withdrawn 
(gradually. if possible). 
Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 
reported upon labetalol HCI discontinuation. However, hypersensitivity to catecholamines has been 
Observed in patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some 
cases, myocardial infarction have occurred after abrupt discontinuation of such therapy. When dis- 
| continuing chronically administered Trandate, particularly in patients with ischemic heart discase, the 
dosage should be gradually reduced over a period of one to two weeks and the patient should be 
carefully monitored. If angina markedly worsens or acute coronary insufficiency develops, Trandate 
administration should be reinstituted promptly, at least temporarily, and other measures appropriate 
for the management of unstable angina should be taken. Patients should be warned against interrup- 
tion or discontinuation of therapy without the physician's advice. Because coronary artery disease is 
l common and may be unrecognized, it may be prudent not to discontinue Trandate therapy abruptly 
even in patients treated only for hypertension. 
Nonallergic Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
disease should, in general, not receive beta-blockers. Trandate may be used with caution. however, 
in patients who do not respond to. or cannot tolerate, other antihypertensive agents. It is prudent, if 
Trandate is used. to use the smallest effective dose, so that inhibition of endogenous or exogenous 
beta-agonists is minimized. 
Pheochromocytoma: Labetalol HCI has been shown to be effective in lowering blood pressure and 
relieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive 
responses have been reported in a few patients with this tumor; therefore, use caution when adminis- 
tering labetalol HCI to patients with pheochromocytoma. 
- Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of pre- 
monitory signs and symptoms (eg. tachycardia) of acute hypoglycemia. This is especially important 
with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia; 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 
Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy before major sur- 
|. gery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activ- 
ity has not been evaluated in this setting. 
A synergism between labetalol HCI and halothane anesthesia has been shown (see PRECAUTIONS: 
Drug Interactions). 
PRECAUTIONS: General: Impaired Hepatic Function: Trandate” Tablets should be used with caution In 
patients with impaired hepatic function since metabolism of the drug may be diminished. 
b. Jaundice or Hepatic Dysfunction: (see WARNINGS). 
- Information for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
treated with labetalol HCI is warranted. This information is intended to aid in the safe and effective use 
|! . ofthis medication. It is not a disclosure of all possible adverse or intended effects. While no incidence 
of the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with 
labetalol HCI, dosing with Trandate Tablets should not be interrupted or discontinued without a physi- 
/ cian’s advice. Patients being treated with Trandate Tablets should consult a physician at any signs or 
[ symptoms of impending cardiac failure or hepatic dysfunction (see WARNINGS). Also, transient 
| scalp tingling may occur, usually when treatment with Trandate Tablets is initiated (see ADVERSE 
REACTIONS). 
Laboratory Tests: As with any new drug given over prolonged periods, laboratory parameters should 
be observed over regular intervals. In patients with concomitant illnesses. such as impaired renal 
function, appropriate tests should be done to monitor these conditions. 
Drug Interactions: In one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 
antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. 
The contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a 
drug interaction cannot be excluded. 
Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor 
. . agonist drugs in patients with bronchospasm; therefore, doses greater than the normal antiasthmatic 
dose of beta-agonist bronchodilator drugs may be required. 
f Cimetidine has been shown to increase the bioavailability of labetalol HCI. Since this could be 
= . explained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 
special care should be used in establishing the dose required for blood pressure control in such 
patients. 
Synergism has been shown between halothane anesthesia and intravenously administered labetalol 
E HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 
concentrations (3% or above) of halothane should not be used because the degree of hypotension will 
be increased and because of the possibility of a large reduction in cardiac output and an increase in 
| central venous pressure. The anesthesiologist should be informed when a patient is receiving 
labetalol HCI. 
Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 
antihypertensive effects may occur. 
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Drug/Laboratory Test Interactions: The presence of labetalol metabolites in the urine may result in 
falsely elevated levels of urinary catecholamines, metanephrine, normetanephrine, and vanillylman- 
delic acid when measured by fluorimetric or photometric methods. In screening patients suspected of 
having a pheochromocytoma and being treated with labetalol HCI, a specific method, such as a high 
performance liquid chromatographic assay with solid phase extraction (eg. J Chromatogr 385: 
2411987) should be employed in determining levels of catecholamines. 

Labetalol HCI has also been reported to produce a false-positive test for amphetamine when 
screening urine for the presence of drugs using the commercially available assay methods Toxi-Lab A* 
(thin-layer chromatographic assay) and Emit-d.a.u.* (radioenzymatic assay). When patients being 
treated with labetalol have a positive urine test for amphetamine using these techniques, confirmation 
should be made by using more specific methods, such as a gas chromatographic-mass spectrometer 
technique. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with labetalol 
HCI for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies 
with labetalol HCI using dominant lethal assays in rats and mice and exposing microorganisms 
according to modified Ames tests showed no evidence of mutagenesis. 

Pregnancy: Teratogenic Effects: Pregnancy Category C: Teratogenic studies were performed with 
labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum recom- 
mended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD. A 
teratology study performed with labetalol in rabbits at intravenous doses up to 17 times the MRHD 
revealed no evidence of drug-related harm to the fetus. There are no adequate and well-controlled 
studies in pregnant women. Labetalol should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

Nonteratogenic Effects: Transient hypotension, bradycardia, and hypoglycemia have been rarely 
observed in infants of mothers who were treated with labetalol HCI for hypertension during preg- 
nancy. Oral administration of labetalol to rats during late gestation through weaning at doses of two 
to four times the MRHD caused a decrease in neonatal survival. 

Labor and Delivery: Labetalo! HCI given to pregnant women with hypertension did not appear to affect 
the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when Trandate Tablets are administered to a 
nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild and transient and occur early in the course of 
treatment. In controlled clinical trials of three to four months' duration, discontinuation of Trandate* 
Tablets due to one or more adverse effects was required in 7% of all patients. In these same trials, 
beta-blocker control agents led to discontinuation in 8% to 10% of patients, and a centrally acting 
alpha-agonist led to discontinuation in 30% of patients. 

The following adverse reactions were derived from multicenter, controlled clinical trials over treat- 
ment periods of three and four months. The rates. which ranged from less than 1% to 5% except as 
otherwise noted, are based on adverse reactions considered probably drug-related by the investiga- - 
tor. If all reports are considered, the rates are somewhat higher (eg. dizziness, 20%; nausea, 14%, 
fatigue, 11%). 

Body as a Whole: Fatigue. asthenia, headache. Gastrointestinal: Nausea (6%), vomiting, dyspep- 
sia. diarrhea, taste distortion. Central and Peripheral Nervous Systems: Dizziness (11%), 
paresthesia, drowsiness. Autonomic Nervous System: Nasal stuffiness. ejaculation failure, impo- 
tence. increased sweating. Cardiovascular: Edema, postural hypotension. Respiratory: Dyspnea. 
Skin: Rash. Special Senses: Vision abnormality, vertigo. 

The adverse effects were reported spontaneously and are representative of the incidence of 
adverse effects that may be observed in a properly selected hypertensive patient population, ie, a 
group excluding patients with bronchospastic disease, overt congestive heart failure. or other contra- 
indications to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2400 mg in more severely hyperten- 
sive patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly 
dose-related shows that the following side effects increased with increasing dose: dizziness, fatigue, 
nausea, vomiting, dyspepsia. paresthesia, nasal stuffiness, ejaculation failure, impotence, and 
edema. 

In addition, a number of other less common adverse events have been reported: 

Body as a Whole: Fever. Cardiovascular: Postural hypotension, including, rarely, syncope. Central 
and Peripheral Nervous Systems: Paresthesia, most frequently described as scalp tingling. In most 
cases, it was mild and transient and usually occurred at the beginning of treatment. Collagen Dis- 
orders: Systemic lupus erythematosus, positive antinuclear factor. Eyes: Dry eyes. Immunological 
System: Antimitochondrial antibodies. Liver and Biliary System: Hepatic necrosis, hepatitis, chole- 


static jaundice, elevated liver function tests. Musculoskeletal System: Muscle cramps, toxic myopathy. 


Respiratory System: Bronchospasm. Skin and Appendages: Rashes of various types, such as gener- 
alized maculopapular, lichenoid, urticarial, bullous lichen planus, psoriaform, and facial erythema; 
Peyronie's disease; reversible alopecia. Urinary System: Difficulty in micturition, including acute 
urinary bladder retention. 

Following approval for marketing in the United Kingdom, a monitored release survey involving 
approximately 6,800 patients was conducted for further safety and efficacy evaluation of this prod- 
uct. Results of this survey indicate that the type, severity, and incidence of adverse effects were 
comparable to those cited above. 

Potential Adverse Effects: In addition, other adverse effects not listed above have been reported with 
other beta-adrenergic blocking agents. Central Nervous System: Reversible mental depression pro- 
gressing to catatonia, an acute reversible syndrome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, slightly clouded sensorium, and decreased per- 
formance on psychometrics. Cardiovascular: Intensification of A-V block (see CONTRAINDICA- 
TIONS). Allergic: Fever combined with aching and sore throat, laryngospasm, respiratory distress. 
Hematologic: Agranulocytosis, thrombocytopenic or nonthrombocytopenic purpura. Gastrointesti- 
nal: Mesenteric artery thrombosis, ischemic colitis. The oculomucocutaneous syndrome associated 
with the beta-blocker practolol has not been reported with labetalol HCI. 
Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of 
patients treated with labetalol HCI and tested and, more rarely, reversible increases in blood urea. 
OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full pre- 
scribing information. 
DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial dos- 
age is 100 mg twice daily whether used alone or added to a diuretic regimen. After two or three days, 
using standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg bid 
every two or three days. The usual maintenance dosage of labetalol HCI is between 200 and 400 mg 
twice daily. Before use, see complete prescribing information for dosage details. 
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No other nonionic or low osmolar contrast 
medium has demonstrated safety in as many 


clinical studies as nonionic OMNIPAQUE. 


— — — OMNIPAQUE delivers outstanding image 


quality. 


— — — —OMNIPAQUE is the first second-generation 


nonionic approved for use in angiocardi- 
ography for patients under the age of 18.'* 


EE OMNIPAQUE is used in more cardiac 


catheterization procedures than any other 
iodinated contrast agent.? 
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Setting the standard in 
the cardiac catheterization lab. 
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OMNIPAQUE' [140] 


INJECTION (IOHEXOL) 
INTRAVASCULAR 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 
A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a sterile, pyrogen-free and preservative-free, nonionic, water-soluble radiographic 
contrast medium for intravascular administration in concentrations of 140, 240, 300, and 350 mgl/mL. OMNIPAQUE 
140 contains 302 mg of iohexol equivalent to 140 mg of organic iodine per mL; OMNIPAQUE 240 contains 518 mg of 
iohexol equivalent to 240 mg of organic iodine per mL; OMNIPAQUE 300 contains 647 mg of iohexol equivalent to 
300 mg of organic iodine per mL; and OMNIPAQUE 350 contains 755 mg of iohexol equivalent to 350 mg of organic 
iodine per mL. Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg edelate calcium 
disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or sodium hydroxide. Unused portions 
must be discarded. lohexol solution is sensitive to light and should be protected from exposure 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known hypersensitivity to 
iohexol. 

WARNINGS—General: Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than ionic 
contrast media. Clotting has been reported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic contrast media. Therefore, meticulous intravascular 
administration technique is necessary, particularly during angiographic procedures, to minimize thromboembolic 
events. Numerous factors, including length of procedure, catheter and syringe material, underlying disease state, and 
concomitant medications, may contribute to the development of thromboembolic events. For these reasons, 
meticulous angiographic techniques are recommended — close attention to guidewire and catheter manipula- 
tion, use of manifold systems and/or three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic syringes in place of glass syringes has been 
reported to decrease but not eliminate the likelihood of in vitro clotting 

OMNIPAQUE should be used with extreme care in patients with severe functional disturbances of the liver and 
kidneys, severe thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 3 mg/dL should not 
be examined unless the possible benefits of the examination clearly outweigh the additional risk. OMNIPAQUE is not 
recommended for use in patients with anuria. 

Radiopaque contrast agents are potentially hazardous in patients with multiple myeloma or other paraproteinemia, 
particularly in those with therapeutically resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated that the combination of both may be 
causative factors. The risk in myelomatous patients is not a contraindication; however, special precautions are 
necessary. Partial dehydration in the preparation of these patients prior to injection is not recommended since this 
may predispose the patient to precipitation of the myeloma protein in the renal tubules. No form of therapy, including 
dialysis, has been successful in reversing the effect. Myeloma, which occurs most commonly in persons over age 40, 
should be considered before instituting intravascular administration of contrast agents. 

lonic contrast media, when injected intravenously or intra-arterially, may promote sickling in individuals who are 
homozygous for sickle cell disease. 

Administration of radiopaque materials to patients known or suspected of eue pheochromocytoma should be 
performed with extreme caution. If, in the opinion of the physician, the possible benefits of such procedures outweigh 
the considered risks, the procedures may be performed; however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The patient's blood p should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available. 

Reports of thyroid storm following the use of iodinated, ionic radiopaque contrast media in patients with 
hyperthyroidism or with an autonomously functioning thyroid nodule suggest that this additional risk be evaluated in 
such patients before use of any contrast medium. 

Urography should be performed with caution in patients with severely impaired renal function and patients with 
combined renal and hepatic disease. 

PRECAUTIONS—General: Diagnostic procedures which involve the use of radiopaque diagnostic agents should 

be carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the 

particular procedure to be performed. Appropriate facilities should be available for coping with any complication of 

the procedure, as well as for emergency treatment of severe reactions to the contrast agent itself. After parenteral 

administration of a radiopaque agent, competent personnel and emergency facilities should be available for at least 

2 lo "à minutes, since severe delayed reactions have occurred (see ADVERSE REACTIONS: Intravascular— 
eneral). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients with advanced vascular 
disease, in diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal disease), 
infants, and small children. Dehydration in these patients seems to be enhanced by the osmotic diuretic action of 
urographic agents. It is believed that overnight fluid restriction prior to excretory urography generally does nol 
provide better visualization in normal patients. Patients should be well hydrated prior to and following administration 
of any contrast medium, including iohexol. 

Acute renal failure has been reported in diabetic patients with diabetic ta Lu in susceptible nondiabetic 
patients (often elderly with preexisting renal disease) following excretory urography. Therefore, careful consideration 
of the potential risks should be given before performing this radiographic procedure in these patients. 

immediately following surgery, excretory urography should be used with caution in renal transplant recipients. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardiovascular reactions 
should always be considered (see ADVERSE REACTIONS: Intravascular— General). It is of utmost importance that a 
course of action be carefully planned in advance for immediate treatment of serious reactions, and that adequate and 
appropriate personnel be readily available in case of any reaction 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS: Intravascular—General). The susceptible population includes, but is not limited to, patients with a 
history of a previous reaction to contrast media, patients with a known sensitivity to iodine per se, and patients with a 
known clinical hypersensitivity: bronchial asthma, hay fever, and food allergies. 

The occurrence of severe idiosyncratic reactions has prompted the use of several pretesting methods. However, 
pretesting cannot be relied upon to predict severe reactions and may itself be hazardous for the patient. It is suggested 
that a thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast 
media, may be more accurate than pretesting in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent 
where a diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS: 
Intravascular— General). Premedication with antihistamines or corticosteroids to avoid or minimize possible allergic 
reactions in such patients should be considered and administered using separate syringes. Recent reports indicate 
that 2 pretreatment does not prevent serious, life-threatening reactions, bul may reduce both their incidence and 
severily. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate-based ionic agents of 
comparable iodine concentration, the potential transitory increase in the circulatory osmotic load in patients with 
congestive heart failure requires caution during injection. These patients should be observed for several hours 
following the procedure to detect delayed hemodynamic disturbances 

General anesthesia may be indicated in the performance of some procedures in selected adult patients; however, a 
higher incidence of adverse reactions has been reported in these patients and may be attributable to the inability of 
the patient to identify untoward symptoms, or to the hypotensive effect of anesthesia, which can reduce cardiac output 
and increase the duration of exposure to the contrast agent 

Angiography should be avoided whenever possible in patients with homocystinuria, because of the risk of 
inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating the vessel wall 
should be borne in mind during the catheter manipulations and contrast medium injection. Test injections to ensure 
proper catheter placement are recommended. 

lective coronary arteriography should be performed only in those patients in whom the expected benefits 
outweigh the potential risk. The inherent risks of angiocardiography in patients with chronic pulmonary emphysema 
must be weighed against the necessity for performing this procedure 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn into 
the syringe and used immediately. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual contamination with 
traces of cleansing agents. 

Parenteral products should be inspected visually for particulate matter and discoloration prior to 
administration. If particulate matter or discoloration is present, do not use. 

Information for Patients: Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, homozygous sickle 
cell disease, or known thyroid disorder (see WARNINGS— General). 

3. Inform your physician if you are y to an he food, or if you had any reactions to previous injections of 
dyes used for x-ray procedures (see PRECAUTIONS— General). 

4 Inform your physician about any other medications you are currently taking, including nonprescription drugs, 
before you are administered this drug 

Drug/Laboratory Test Interaction: lf iodine-containing isotopes are to be administered for the diagnosis of 

thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up to 2 weeks after contrast medium 

administration. Thyroid function tests which do not depend on iodine estimation, eg, T; resin uptake or direct 
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thyroxine assays, are not affected. Many radiopaque contrast agents are incompatible in vitro with some anti- 
histamines and m drugs; therefore, no other p should be admixed with contrast agents. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have been performed 
to evaluate carcinogenic I mutagenesis, or whether OMNIPAQUE can affect fertility in men or women. 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended human dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE. There are, however, no studies in pregnant women. Because animal reproduction studies are not always 
redictive of human response, this drug should be used during pregnancy only if clearly needed 

ursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, many injectable 
contrast agents are excreted unchanged in human milk. Although it has not been established that serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are administered 
: d - Bottle feedings may be substituted for breast feedings for 24 hours following administration of 

NIPAQUE. 

Pediatric Use: Pediatric patients at higher risk of experiencing adverse events during contrast medium administra- 
tion may include those having asthma, a sensitivity to medication and/or allergens, congestive heart failure, a serum 
creatinine > 1.5 mg/dL, or those less than 12 months of age 

ADVERSE REACTIONS 

Intravascular—General: Adverse reactions following the use of OMNIPAQUE are usually mild to moderate in 
severity. However, serious, life-threatening, and fatal reactions, mostly of cardiovascular origin, have been associated 
with the administration of iodine-containing contrast media, including OMNIPAQUE. The injection of contrast media 
is frequently associated with the sensation of warmth and pain, especially in peripheral angiography; pain and 
warmth are less frequent and less severe with OMNIPAQUE than with many contrast media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (2%), angina/chest pain (1%), and hypotension 
(0.7%). Others including cardiac failure, asystole, bradycardia, tachycardia, and vasovagal reaction were reported 
with an individual incidence of 0.3% or less. In controlled clinical trials involving 1,485 patients, one fatality 
occurred. A cause and effect relationship between this death and iohexol has not been established. 

Nervous System: Vertigo [including dizziness and lightheadedness] (0.5%), pain (3%), vision abnormalities 
[including blurred vision and photomas) (2%), headache (2%), and taste perversion (1%). Others including anxiety, 
blurred vision, fever, motor and speech dysfunction, convulsion, paresthesia, somnolence, stiff neck, hemiparesis, 
syncope, shivering, transient ischemic attack, cerebral infarction, and nystagmus were reported, with an individual 
incidence of 0.3% or less. 

Respiratory System: Dyspnea, rhinitis, coughing, and laryngitis, with an individual incidence of 0.2% or less. 
Gastrointestinal System: Nausea (2%) and vomiting (0. X) Others including diarrhea, dyspepsia, cramp, and 
dry mouth were reported, with an individual incidence of less than 0.196. 

Skin and Appendages: Urticaria (0.396), purpura (0.1%) abscess (0.1%), and pruritus (0.1%), 

Individual adverse reactions which occurred to a significantly greater extent for a specific procedure are listed 
under that indication in full prescribing information. 

Pediatrics: In controlled clinical trials involving 391 patients for pediatric angiocardiography, urogra nt and 

contrast-enhanced computed tomographic head imaging, adverse reactions following the use of OMNIPAQUE 240, 

OMNIPAQUE 300 and OMNIPAQUE 350 were generally less frequent than with adults. 

ü pane System: Ventricular tachycardia (0.596), 2:1 heart block (0.596), hypertension (0.396), and anemia 
3%). 

Nervous System: Pain (0.8%), fever (0.5%), taste abnormality (0.5%), and convulsion (0.3%). 

Respiratory System: Congestion (0.3%) and apnea Andr" 

Gastrointestinal System: Nausea (196), hypoglycemia (0.396), and vomiting (296). 

Skin and Appendages: Rash (0.3%). 

General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse 
effects in addition to those discussed above. The following reactions have been reporled after administration of other 
intravascular iodinated contrast media, and rarely with iohexol. Reactions due to technique: hematomas and 
ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis following intravenous injection. Cardio- 
vascular reactions: rare cases of cardiac arrhythmias, reflex tachycardia, chest pain, cyanosis, hypertension, 
hypotension, — vasodilatation, shock, and cardiac arrest. Renal reactions: occasionally, transient pro- 
teinuria, and rarely, oliguria or anuria. Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, 
dermal reactions such as urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation, 
and rarely, anaphylactic reactions. Rare fatalities have occurred due to this or unknown causes. Signs and symptoms 
related to the respiratory system: pulmonary or me edema, bronchospasm, dyspnea; or fo the nervous system: 
restlessness, tremors, convulsions. Other reactions: flushing, pain, warmth, metallic taste, nausea, vomiting, anxiety, 
headache, confusion, pallor, weakness, sweating, localized areas of edema (especially facial cramps), neutropenia, 
and dizziness. Rarely, immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
hes oy rh gland swelling) from organic iodinated compounds appears 2 days after exposure and subsides 
y the sixth day. 

In general, the reactions which are known to occur upon parenteral administration of iodinated contrast agents are 
possible with any nonionic agent. Approximately 9596 of adverse reactions accompanying the use of water-soluble 
intravascularly administered contrast agents are mild to moderale in degree. However, severe, rd 
anaphylactoid reactions, mostly of cardiovascular origin, have occurred. Reported incidences of death range from 6. 
per 1 million (0.00066%) to 1 in 10,000 (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the main 
feature being cardiac arrest, with cardiovascular disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 20,000 
(0.005%) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions and idiosyncratic 
reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the dose, and the speed of 
injection. All hemodynamic disturbances and injuries to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 40 years old. 
idiosyncratic reactions may or may not be dependent on the amount of dose injected, the speed of injection, and the 
radiographic procedure. Idiosyncratic reactions are subdivided into minor, intermediate, and severe. The minor 
Passel are self-limited and of short duration; the severe reactions are life-threatening and treatment is urgent and 
mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of allergy is twice that in 
the general population. Patients with a history of previous reactions to a contrast medium are three times more sus- 
ceptible aa other patients. However, sensitivity to contrast media does not appear to increase with repeated 
examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but 
delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse reactions is higher 
with angiocardiography than with other procedures. Cardiac decompensation, serious arrhythmias, angina pectoris, 
or myocardial ischemia or infarction may occur during rari J and left ventriculography. Electrocar- 
diographic and hemodynamic abnormalities occur less frequently with OMNIPAQUE than with diatrizoate meglumine 
and diatrizoate sodium injection. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF ADVERSE REACTIONS FOR 

INTRAVASCULAR USE OF OMNIPAQUE. 

OVERDOSAGE: Overdosage may occur. The adverse effects of overdosage are life-threatening and affect mainly the 

pulmonary and cardiovascular systems. The symptoms include cyanosis, bradycardia, acidosis, pulmonar 

hemorrhage, convulsions, coma, and cardiac arrest. Treatment of an overdosage is directed toward the support of al 

vital functions and prompt institution of symptomatic SERE 

ene oe LDs, values of OMNIPAQUE (in grams of iodine per kilogram body weight) are 24.2 in mice and 
0 in rats. 

DOSAGE AND ADMINISTRATION: Details are provided in the package insert. 
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1. Data on file, Winthrop Pharmaceuticals. 
2. Market Measures, 1989 
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SYSTEMIC HYPERTENSION 






, SITES Ta Jo oS a ri I ToC T e A D 
ye | Right Ventricular Diastolic Function in Systemic Hypertension 
4 Simon Chakko, Eduardo de Marchena, Kenneth M. Kessler, 
Barry J. Materson, and Robert J. Myerburg 































Right (RV) and left ventricular (LV) diastolic function was studied in 50 
patients with essential hypertension and 10 normotensive control subjects 
using pulsed-wave Doppler echocardiography. Both RV and LV diastolic 
function were abnormal in the hypertensive patients, compared to the 
control subjects. Peak velocity of atrial filling was higher and deceleration 
half-time prolonged; ratio of early /atrial filling velocity and peak filling 
rates were lower. RV filling parameters did not correlate with age, LV 

[^ aan mass or septal thickness, but did correlate with the corresponding LV 
e filling parameters. RV diastolic function is abnormal in essential hyper- 
LL tension and these abnormalities are closely related to those of LV diastolic 
PE i. function. 


CONGESTIVE HEART FAILURE 


DB te e a PT Qu nul cedi c9 pc ng o s URN o MOM 
Effect of Dobutamine on Skeletal Muscle Metabolism in 
Patients with Congestive Heart Failure 

Donna M. Mancini, Mitchell Schwartz, Nancy Ferraro, Richard Seestedt, 
Britton Chance, and John R. Wilson 


Dobutamine increases leg blood flow during exercise in patients with heart 
failure. To investigate if this increased flow is delivered to working skeletal 
muscle, we examined the effect of dobutamine on calf phosphorus-31 
magnetic resonance spectroscopy spectra and femoral vein blood flow in 7 
patients with heart failure who performed rest and upright plantar flexion. 
Dobutamine increased femoral venous blood flow at the highest workload 
and increased femoral venous O; saturation throughout exercise, indicat- 
ing improved total leg blood flow. However, dobutamine did not change 
the slope of the relation between systemic VO) and calf inorganic phos- 
phate to phosphocreatine relation and did not change muscle pH, demon- E. 
strating no improvement in muscle metabolism. These findings suggest d 
that dobutamine does not improve oxygen delivery to working skeletal 
muscle in patients with heart failure, despite the drug's ability to increase 
cardiac output and limb blood flow. 


Continued on page A37 
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—Adapted from Kostis, Am J Cardiol, 1988.10 
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pregnant women only if potential benefit justifies potential riskto the fetus. Neonates of mothers who 
received nadolol at parturition have exhibited bradycardia, hypoglycemia and associated symptoms. 
Nursing Mothers—Nadolo! is excreted in human milk. Exercise caution when nadolol !S 


administered to a nursing woman. 





. DESCRIPTION: CORGARD (nadolol) is 4 synthetic nonselective beta-adrenergic receptor block- 


. ing agent. 
. . Bronchial asthma, sinus bradycardia and greater than first degree con- Pediatric Use—Safety and effectiveness In children have not been established. 
| duction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). ADVERSE REACTIONS: Most adverse effects have been mild and transient and have rarely 
L- WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component supporting required nadolol withdrawal. 
-.. circulatory function in congestive heart failure, and Its inhibition by beta-blockade may precipitate Cardiovascular -Bradycardia with heart rates of less than 60 beats per minute occurs com- 
l . more severe failure. Although beta-blockers should be avoided in overt congestive heart failure, if monly, and heart rates below 40 beats per minute and/or symptomatic bradycardia were seen in 
| necessary they can be used with caution in patients with a history of failure who are well- about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually of the Raynaud 
compensated, usually with digitalis and diuretics. Beta-adrenergic blocking agents do not abolish type, have occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, and rhythm/ 
"the inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART conduction disturbances have each occurred in about 1 of 100 patients. Single instances of first 
i FAILURE, continued use of beta-blockers Can, in some cases, lead to cardiac failure; therefore, at degree and third degree heart block have been reported, intensification of AV block is à known 
|». first sign Or symptom of heart failure, digitalize and/or give diuretics, and closely observe re- effect of peta-blockers (see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Cen- 


sponse, OF discontinue nadolol (gradually if possible). tral Nervous System—Dizziness OF fatigue reported In approximately 2 of 100 patients; paresthe- 
sias, sedation, and change !n behavior reported in approximately 6 of 1000 patients. a 
spi —Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDI- kam 
CATIONS and WARNINGS). Gastrointestinal—Nauses. diarrhea, abdominal discomfort, consti- 



















of Ischemic Heart Disease Following Abrupt Withdrawal—Hypersen- 











Y he i i i 
E NDERIT E in E s pation, vomiting, indigestion, anorexia, bloating, and flatulence each pe et in 1 to 5 of 1000 f 
M AA ; : : dde n Y patients. Miscellaneous— Each of the following reported in 1 to 5 of 1000 patients: rash; pruritus; 
A 2 ne cisco nic "—— discontinung Soage Vane ict headache; dry mouth, eyes, OF skin; impotence or decreased libido; facial swelling; weight gain; I 
ym p rv a , gracu y 9 : slurred speech; cough; nasal stuffiness; sweating; tinnitus, blurred vision, infrequent reversible 
period and carefully monitor the patient. Reinstitute nadolol promptly (at least temporarily) alopecia 






and take other measures appropriate for management of unstable angina if angina markedly 
~ worsens or acute coronary insufficiency develops. Warn patients not to interrupt OF discon- 

i ici dvice. Because coronary artery disease is common and 
herapy abruptly even in 


The following adverse reactions have been reported in patients taking nadolol and/or other 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been established. 
Central Nervous System—reversible mental depression progressing to catatonia; visual dis- , 
turbances, hallucinations, an acute reversible syndrome characterized by disorientation for time 

and place; short-term memory loss, emotional lability with slightly clouded sensorium; decreased 
performance on neuropsychometrics. mesenteric arterial thrombosis, ischemic 

colitis; elevated liver enzymes. Hematologic—agranulocytos's; thrombocytopenic or nonthrom- 
bocytopenic purpura. Allergic —íever combined with aching and sore throat; laryngospasm; 
respiratory distress. Miscellaneous— pemphigoid rash; hypertensive reaction in patients with 
pheochromocytoma; sleep disturbances, Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 









‘i ‘Nonallergic Bronchospasm (e.g. chronic bronchitis, emphysema)—PATIENTS WITH 
u BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. Ad- 
.. minister nadolol with caution since it may block bronchodilation produced by endogenous OF 


^. exogenous catecholamine stimulation of beta, receptors. 
. —Because beta blockade impairs the ability of the heart to respond to reflex 


~~; 
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| stimuli and may increase risks of general anesthesia and surgical procedures, resulting in protracted OVERDOSAGE: Nadolo! can be removed from the general circulation by hemodialysis. In addi- 
- hypotension or low cardiac output, it has generally been suggested that such therapy should be tion to gastric lavage, employ the following measures as appropriate. In determining duration of 
withdrawn several days prior to surgery. Recognition of the increased sensitivity to catecholamines corrective therapy, take note of long duration of effect of nadolol. 

E i of patients recently withdrawn trom beta-blocker therapy, however, has made this recommenda- Excessive Bradycardia—Administer atropine (0.25 to 1.0 mg). If there Is NO response to vagal 
tion controversial. If possible, withdraw beta-blockers well before surgery takes place. In emer- blockade, administer isoproterenol cautiously. 

Hn" 1 gency surgery, inform the anesthesiologist that the patient is on beta-blocker therapy. Use of Cardiac Failure—Adminisier a digitalis glycoside and diuretic. It has been reported that glucagon 
—. beta-receptor agonists such as isoproterenol, dopamine, dobutamine, Or levarterenol can reverse may also be useful in this situation. 


T the effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 
with beta-adrenergic receptor blocking agents. 


| A Diabetes and Hypoglycemia—Beta-adrenergic blockade may prevent the appearance of pre- 


nsion—Administer vasopressors, e.9. epinephrine Or levarterenol. (There iS evidence 
that epinephrine may be the drug of choice.) 


.. monitory signs and symptoms (€.9. tachycardia and blood pressure changes) of acute hypogly- Bronchospasm-— Administer a beta,-stimulating agent and/or a theophylline derivative. i 
^ cemia. This is especially important with labile diabetics. Beta-blockade also reduces release of DOSAGE-For all patients, DOSAGE MUST BE INDIVIDUALIZED. ~ 
insulin in response to hyperglycemia; therefore, it may be necessary to adjust dose of antidiabetic For angina pectoris, usual initial dose !S 40 mg ad; may be gradually increased in 40 to 80 mg 

q drugs. increments at 3 to 7 day intervals until optimum clinical response OF pronounced slowing of the 

9 Thyrotoxicosis— Beta-adrenergr blockade may mask certain clinical signs (e.g. tachycardia) heart rate; usual maintenance dose is 40 or 80 mg ad (doses up to 160 or 240 mg daily may be 

— of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic blockade which might precipi- needed). If treatment iS to be discontinued, reduce dosage gradually over 4 period of 1 to 2 weeks 


tate a thyroid storm, carefully manage patients suspected of developing thyrotoxicosis. (see WARNINGS). . . 
uw PRECAUTIONS: Impaired Renal Function—Use n adolol with caution (see DOS AGE AND AD- For hypertension, usual initial dose IS 40 mg Qd; gradually increase in 40 to 80 mg increments 


n | i until optimum blood pressure reduction is achieved; usual maintenance dose iS 40 or 80 mg ad 
» MINISTRATION section of package insert). ! W^ (doses up to 240 or 320 mg dally MEY be needed). 
q .. Infor for Patients— Warn patients, especially those with evidence of coronary artery Patients with renal failure require adjustment in dosing interval; see package insert for dosage 
P insufficiency. against interruption Or discontinuation of nadolol without physician's advice. Although in these patients. 
-cardiac failure rarely occurs in properly selected patients, advise patients being treated with beta- nformation consult p ackage 
a adrenergic blocking agents to consult physician at first sign of impending failure. Advise patients For uf prescribing , " " insert. 

in event of missed doses. HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tablet in 


bottles of 100. The 40 mg, 80 mg. and 120 mg tablets are available in bottles of 1000 tablets. The 
20 mg, 40 mg, and 80 mg tablets are also available in Unimatic" unit-dose packs of 100 tablets. 
(J4-156) 


Drug Interactions Concurrent administration may result in interactions with: Anesthetics, 
general—exaggeration of the hypotension induced by general anesthetics (see WARNINGS, Ma- 
jor Surgery). Antidiabetic drugs (oral agents and insulin) -hypoglycemia or hyperglycemia, adjust 
antidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). Cate- 
i cholamine-depleting drugs (e.9.. reserpine)—additive effect; monitor closely for hypotension and/or 
excessive bradycardia. 

^ Carcinogenesis, Mutagenesis, impairment of Fertility—in 1 to 2 year oral toxicologic stud- ® 
iesin mice, rats, and dogs, nadolol did not produce significant toxic effects. In 2-year oral carcino- BRISTOL LABORATORIES 

4 genic studies in rats and mice, nadolol did not produce neoplastic, preneoplastic, or nonneoplastic 

b -pathologic lesions. 
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May Pregnancy C-In animal reproduction studies with nadolol, evidence of embryo- and 
p fetotoxicity Was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater (on à 
a mg/kg basis) than maximum indicated human dose; no teratogenic potential was seen in any o! 
| these species. There are no well-controlled studies In pregnant women; therefore, use nadolol in 
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measurements, peak VO» was significantly related only to total pulmo- 
nary resistances. Among the maximal exercise Parameters, it was related 
to cardiac index, stroke work and stroke volume index, mean arterial 


Cardiac index and to a lesser degree, total pulmonary resistance, were the 
only parameters related to peak VO; by multivariate regression analysis, 
Similar relations were found between the hemodynamic measurements 


load <80 watts (33 vs 0%). Data indicate that approximately one-half of 
HC patients have impaired coronary vasodilatory Capacity, which could 
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Echocardiographic Assessment of the Left Ventricle of 
Endurance Athletes Just Before and After Exercise 
Robert F. Percy, Donald A. Conetta, and Alan B. Miller 


Using postmaximal exercise echocardiography, left ventricular (LV) wall 
thickness, afterload and systolic performance were studied in untrained 
normal subjects and a group of endurance athletes. Data show lower 
afterload at rest and immediately after exercise in the endurance athletes 
compared to untrained normal subjects. The athletes’ greater LV wall 
thickness appears to account for this group's lower afterload, thereby 
contributing to their superior LV systolic performance. 
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Cardiac Involvement in Systemic Lupus Erythematosus 
Detected by Echocardiography 
lan G. Crozier, Edmund Li, Margaret J. Milne, and M. Gary Nicholls 


Cardiac involvement in patients with systemic lupus erythematosus (SLE) 
was assessed by full echocardiography and continuous Wave Doppler in 50 
consecutive patients and 50 age- and sex-matched control subjects in à 
prospective, blinded study. The left ventricular ejection fraction was de- 
creased in the patient versus control group (61 +9 vs 68 = 71%, p <0.001), 
whereas interventricular septum (12 + 3 vs 9 + 1mm, p <0.001), and 
posterior wall dimension (942vs8+ | mm, p «0.001), left ventricular 
mass (186 + 54 vs 130 + 32 g, P <0.001) and mitral valve Doppler A:E 
ratio (0.8 + 0.2 vs 0.7 x 0. p « 0.01) were increased. Pericardial effusion 
was detected in 27 patients and 5 control subjects, and valvular regurgita- 
tion was more frequent in the patients (aortic 2 vs 0; mitral 23 vs 5, p 
«0.001; tricuspid 34 vs 22, p <0.01; pulmonary 28 vs V7, p <0.05). Mitral 
or aortic regurgitation was more common in patients with active disease 
(60 vs 40%) but was not related to the duration of SLE, the duration of 
prednisone therapy or current dosage of prednisone. 


METHODS 


1149 JR WE CERES tide a ae E 
Prevalence and Clinical Implications of Atrial Spontaneous 
Contrast in Patients Undergoing Transesophageal 
Echocardiography 

Ramon Castello, Anthony C. Pearson, and Arthur J. Labovitz 


The prevalence of atrial spontaneous contrast and its relation to atrial 


thrombosis were evaluated in 150 consecutive patients undergoing transe- 
sophageal echocardiography. Spontaneous contrast Was observed in 29 


Continued on page A40 
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patients (19%) and its presence was significantly related to atrial fibrilla- 
tion, the presence of mitral valve prosthesis and atrial size by multivariate 


thrombus. Overall, 7 (58%) of the 12 patients with right or left atrial 
thrombus had no evidence of spontaneous contrast. Thus, spontaneous 


ation. 
1154 DUM NP erm ia 
In Vivo Phosphorus-31 Spectroscopic Imaging in Patients with 
Global Myocardial Disease 

Saul Schaefer, Joel R. Gober, Gregory G. Schwartz, Donald B. Twieg, 
Michael W. Weiner, and Barry Massie 


Seventeen patients and 14 control subjects were studied using phosphorus- 
31 nuclear magnetic resonance imaging. The ratio of phosphocreatine to 
adenosine triphosphate was 0.89 X 0.08 (mean + standard error) in 
normal subjects and did not differ significantly in patients with dilated 
cardiomyopathy or left ventricular hypertrophy. A prominent peak in the 


compa 
subjects (0.33 = 0.08 and 0.29 4- 0.08, respectively). Phosphodiester 
aks were inf requently seen in patients with left ventricular hypertrophy. 
These initial results indicate that, under resting conditions, the ratio O 
phosphocreatine to adenosine triphosphate is not consistently altered in 
patients with severe global cardiomyopathies or hypertrophy, while phos- 
phodiesters are elevated in patients with dilated cardiomyopathy. 


FROM THE EDITOR 
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Editorial Board Meeting of The American Journal of 
Cardiology — March 1990 

William C. Roberts 


INSTRUCTIONS TO AUTHORS on page A67 
CLASSIFIED ADVERTISING on pages A17, A50, A60, A64 
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Whats a common denominator of 
most heart attack victims? 


f people 
in the PROCAM Trial had a low 
Olesterol 2 


HEART ATTACK PATIEN TS 
(PROCAM TRIAL)2 


LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS) 3 


Reduced heart attack Incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
Coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 meg/dL)3 | 


A powerful case for 


ID) 


(gemfibrozil) seems 


RAISES HDL... 


ein JL, Hazzard WR, Schro L, Motulsky AG. Hyperlipidemia in coronary heart disease. |, Lipid levels in 500 survivors of myocardial 
-J Clin Invest: 1973,52:1533-1543. te H. PROCAM-Trial- Prospective Cardiovascular Münster Trial. Zürich: Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affai 
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^ Gis Tae ww. de Mi ty RC T ew ea A hes 
(Ger Yribrozil Capsules and Tablets) Lopid* (Gemfibrozil Capsules and Tablets) p | 
ore prescribing, please see full prescribing information. from controls in the incidence of liver tumors, but the doses tested were lower than those ] 
rief Summary follows. shown to be carcinogenic with other fibrates. 
ITRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary Male rats had a dose-related and statistically significant increase of benign Leydig cell | 
| tumors at 1 and 10 times the human dose. - y Í 
Ibladder disease (See WARNINGS). Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- | 
mfibrozil. tion following Lopid administration to the male rat. An adequate study to test for perox- | 
f chemical, pharmacological, and clinical similarities be- isome proliferation has not been done in humans but changes in peroxisome ; 4 
OM fibrate, the adverse findings with clofibrate in two large clinical morphology have been observed. Peroxisome proliferation has been shown to occur in W 
S iudies may al mfibrozil. In the first of those studies, the Coronary Drug humans with either of two other drugs of the fibrate class when liver biopsies were com- 
- Project, 1000 subjects with previous myocardial infarction were treated for five years pared before and after treatment in the same individual. | 
— — with clofibrate. There was no difference in mortality between the clofibrate-treated sub- Administration of approximately three or ten times the human dose to male rats for 10 weeks | 
‘jet ts and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this | 
" developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
- ducted by the World Health Organization (WHO), 5000 subjects without known cor- ted to the offspring. l | 
— onary heart disease were treated with clofibrate for five years and followed one year 5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
‘beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human | 
- treated than in a comparable placebo-treated control group. The excess mortality was dose. These studies have revealed no evidence of impaired fertility in females or harm to l 
. dueto a 3396 increase in noncardiovascular causes, including malignancy. post- the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed | 
D sholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated at the high dose levels. No significant malformations were found among almost 400 off- ' 
subjects for gallbladder disease was confirmed. spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 
Mie During the Helsinki Heart Study and in the 1V2 year follow-up period since the trial There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
| ow as completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion tients where the benefit clearly outweighs the possible risk to the patient or fetus. 
|... of the study was 44 deaths in the Lopid group an 43 in the placebo group. Because of 6 Nursing Mothers — Because of the potential for tumorigenicity shown for gem 
the more limited size of the Helsinki Heart Study, this result is not statistically- fibrozil in rats, a decision should be made whether to discontinue nursing OF discontinue 
TAS gnificantly different from the 29% excess mortality seen in the clofibrate group in the the drug, taking into account the importance of the drug to the mother. 
— separate WHO study. Noncoronary heart disease related mortality showed a 58% 7 Hematologic Changes ^ Mild hemoglobin, hematocrit and white blood cell 
= greater trend in the Lopid group (43 vs 27 patients in the placebo group. p=0.056). decreases have been observed in occasional patients following initiation of Lopi 


Inthe Helsinki Heart Study, the incidence of total malignancies discovered during the therapy. However, these levels stabilize during long-term administration. Rarely, severe 
trial and in the 1V» years since the trial was completed was 39 in the Lopid group and29 anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
inthe placebo group (difference not statistically significant). This includes 5 basal cell reported. Therefore, periodic blood counts are recommended during the first 12 months 
-. carcinomas in the Lopid group and none in the placebo group (p 0.06; historical data of Lopid administration. 
"Jp redicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 8. Liver Function — Abnormal liver function tests have been observed occasionally 
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- from malignancies were not statistically 
IG | | D 


-.. different between Lopid and placebo sub- 
l *| \ 600-m 
(gemfibrozil) ies 


N groups. Follow-up of the Helsinki Heart 

tudy participants will provide further infor- 
RAISES HDL...DRAMATICALLY 
REDUCES HEART ATTACK 





. mation on cause-specific mortality and 
| cancer morbidity. 

Ee 2. A gallstone prevalence substudy of 450 
|. Helsinki Heart Study participants showed à 
| trend toward a greater prevalence of gall- 

|! . stones during the study within the Lopid 

|... treatment group (7.5% vs 49% for the place- 
|. bo group. à 55% excess for the gemfibrozil 
D. group). A trend toward a greater incidence 
p of gallbladder surgery was observed for the 
Jar. Lopid group (17 vs 11 subjects, a 54% ex- 





should be terminated if abnormalities persist. \ 
9. Use in Children —Safety and efficacy in 

children have not been established. | 

ADVERSE REACT IONS. in the double-blind | 

controlled phase of the Helsinki Heart Study, ¢ 

| 

} 






2046 patients received Lopid for up to 5 years. 
in that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 



















b. cess). This result did not differ statistically theses): gastrointestinal reactions, 34.2% 

- from the increased incidence of cholecystectomy observed in the WHO study in the (23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis | 

|... group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol (histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 

-.— excretion into the bile leading to cholelithiasis. If cholelithiasis iS suspected, gallbladder fibrillation, 0.7% (0.1%). 1 

... studies are indicated. Lopid therapy should be discontinued if gallstones are found. Adverse events reported by more than 1% of subjects, but without a significant differ- 

"^. . S Sincea reduction of mortality from coronary artery disease has not been ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); | 
E demonstrated and because liver and interstitial cell testicular tumors were increased in fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 


[^ . rats, Lopid should be administered only to those patients described in the INDICATIONS (1.3%); vertigo, 1.5% (1 3%); constipation, 1.4% (1.3%); headache, 1.2% (1 A%). 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 















E be discontinued. 64% excess, which is not statistically different from the excess of gallbladder surgery 
E A. Concomitant Anticoagulant — Caution should be exercised when anticoagulants observed in the clofibrate compared to the placebo group of the WHO study. 
.. are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced Nervous system and special senses adverse reactions were more common in the 
Ito maintain the prothrombin time at the desired level to prevent bleeding complications. Lopid group. These included hypesthesia. paresthesias, and taste perversion. Other 
be karen prothrombin determinations are advisable until it has been definitely determined adverse reactions that were more common among Lopid treatment group subjects but 
that the prothrombin level has stabilized. where a causal relationship was not established include cataracts, peripheral vascular 
E 5, Concomitant therapy with Lopid and Mevacor (lovastatin) has been associated with disease, and intracerebral hemorrhage. 
E rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, From other studies it seems probable that Lopid is causally related to the occurrence 
.. leading ina high proportion of cases to acute renal failure. In most subjects who have of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function | 
A . had an unsatisfactory lipid response to either drug alone, the possible benefit of combined tests and hematologic changes (See PRECAUTIONS). 
|... therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were | 
E rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. | 
|. alone including Lopid, may occasionally be associated with myositis. Patients receiving Additional adverse reactions that have been reported for gemfibrozil are listed below 
s Lopid and complaining of muscle pain, tenderness, Or weakness should have prompt by system. These are categorized according to whether à causal relationship to treat- i 
. medical evaluation for myositis, including serum creatine kinase level determination. If ment with Lopid is probable or not established: y 
| myositis iS suspected or diagnosed, Lopid therapy should be withdrawn. CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central | 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased | 

. . of male rats treated with gemfibrozil at 10 times the human dose. libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; l 
no ‘PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, | 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 

p: tempt should be made to control serum lipids with appropriate diet, exercise, weight loss TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- | 
^ inobese patients, and control of any medical problems such as diabetes mellitus and creased liver transaminases (AST [SGOT], ALT [SGPT)]). increased alkaline phosphatase; 

| pothyroidism that are contributing to the lipid abnormalities. Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; Im- 

E. - 2. Continued Therapy — Periodic determination of serum lipids should be obtained, munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
= andthe drug withdrawn if lipid response is inadequate after 3 months of therapy. matitis, rash, dermatitis, pruritus. 
| 3. Drug Interactions — (^) Lovastatin: Rhabdomyolysis has occurred with combined CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 

27 gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- | 
ua ‘combined therapy or after several months. In most subjects who have had an unsatisfac- sion, convulsions, SYNCOPE: Eye: retinal edema; Genitourinary: decreased male fertility; | 
|... tory lipid response to either drug alone, the possible benefit of combined therapy with Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 

E^ . lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. | 
p cl and acute renal failure. There is no assurance that periodic monitoring of DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg ] 

Io creatine kinase will prevent the occurrence of severe myopathy and kidney damage. administered in two divided doses 30 minutes before the morning and evening meal. 
Pct Anco EN IN CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- MANAGEMENT OF OVERDOSE. While there has been no reported case of over- | 

|. LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- dosage, symptornatic supportive measures should be taken should it occur. MN 

» ‘COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROT HROMBIN TIME AT References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
Y eic DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med j 

| PROT HROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 4987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 

E: DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 

is Punt Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of i 

E^ have been conducted in rats and mice at one and ten times the human dose. The inci- chylomicron metabolism. In Stanbury J. B. etal. (eds.): The Metabolic Basis of Inherited 

| . dence of benign liver nodules and liver carcinomas was significantly increased in high Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

|. ; coe ra rats. The incidence of re carcinomas increased also in low dose males, Caution — Federal law prohibits dispensing without prescription. 

put this increase was not statistically significant (p=0.1). In high dose female rats, there ^. 

|! A wasasignificant increase in the combined incidence of benign, and malignant liver PARKE-DAVIS 0737G013 


Ng neoplasms. in male and female mice, there were NO statistically significant differences Morris Plains, NJ 07950 USA PD-56-JA-5932-A-1(1 2-89) > 
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Imaging Information can Now be stored and retrieved In detail thanks to 
the new Cine Memory system in the Aloka SSD-870. 

Yen at your Convenience, the study can be analyzed fr 
tO aid your diagnosis. Aloka's development of high pert 
technology allows the dual 32-frame Cine Memory to display Images with 

O-frame-per-second dCCUracy, And multi-functional phased array 
transducers have been developed for the Aloka SSD-870. 

Also high quality 2D, M mode, Conventional Pulsed and Continuous 
Doppler as well as Color Doppler Studies are now Possible through a single 
transducer, To learn more about the new Aloka SSD-870 Color Doppler 


»ystem, please contact: 
De 
COROMETRI CS 
indie us MEDICAL SYSTEMS, INC. 
“orometrics Medical Systeme Inc., 61 


Barnes Park Road North ALOKA CO..LTD.: 
Wallingford CT 06492 0333. Te} 203-484 4630 800-624 7265 Tel: (0422)45_5 44, Cable 


ame by frame 
ormance Imaging 


6-22.1 Mure, Mitaka. Shi, Tokyo 18 


1, Japan 
address: ALOKA MITAKA Telex: 


02822.344 
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*Lozol is not à cholesterol- -lowering agent, nor has it been shown to reduce existing atherosclerotic plaque. 
tBecause of the diuretic effects of Lozol, changes in certain e electrolytes can occur. Determination of serum electrolytes should therefore be 
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an failure tions 0 calcium increased only slightly ‘nth indapamide. Pr oloni treatment with drugs 
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Graham J. Davies, FRCP, Tessa Regan, BSc, Agha W. Haider, MD, 
Eugene McFadden, MRCP, Peter Halson, BSc, and Attilio Maseri, FRCP 


i Pain in patients with acute myocardial infarction 
type Plasminogen activator (rt.p ) were investi- vidence Suggests that the earlier the thrombolytic 
gated in 26 consecutive patients With early (<6 agent is administered after the onset of chest Pain the 


Performed before and at regular Predefined inter- bolysis compared to a continuous infusion of rt-PA, 
vals up to 90 minutes from the Start of rt-PA ad- While a high initial dosage might lead to early recanali- 
ministration, ang at 24 hours. Acute recanalization Zation, reocclusion could possibly occur more frequently 
of the infarct-related Coronary artery was demon- because of the short circulating half-life of rt-PA. Mul- 
Strated in 7 of 12 patients (58%; 95% confidence tiple bolus administration of rt-PA has not been previ- 
interval 28 to 85%) in the infusion &roup and 11 of ously investigated in clinical use. In this Study we have 
14 patients (79%: 95% confidence interval 49 to examined the feasibility, efficacy and Safety of seria] 
95%) in the bolus &roup (difference not significant). bolus administration compared to a continuous intra- 
Two patients in the bolus &roup had reoccluded by venous infusion of rt-PA in patients with acute myocar- 
4 hours. Mean time from the start of rt-PA to pa- dial infarction. 


+ 6 (standard error of the mean) minutes in the in- METHODS 
fusion sroup and 28 + 6 minutes in the bolus group Patients: From September 1987 to January 1989, 
(P = 0.2). There Were no significant differences in 26 consecutive patients (18 men and 8 Women, aged 36 


the bolus &roup at 90 minutes or at 24 hours. Res- ment elevation (20.2 mV in 22 leads of the standard 
olution of ST-segment elevation assessed by contin. 12-lead surface electrocardiogram) that were resistant 
uous electrocardiographic monitoring over the first toa 2 to 4 mg intravenous bolus of isosorbide dinitrate. 
24 hours 4ppeared to occur Sooner in recanalized The duration of Chest pain at the time of initiation of rt- 
Patients in the bolus &roup (2.8 + 0.5 hours) than PA administration Was <6 hours in all. Patients were 
in the infusion &roup (5.5 + 2.1 hours, p — 0.3). excluded from the study if any of the following were 


Á . . " t . t 9 va : 
lus group (29 + 6 hours, P = 0.01 ). Thus, multiple SE pn. Ds udy was Supported in part by the British Heart 


s 5 x Address for reprints: M.I. Khan, MB, Cardiovascular Research 
PAr esults in less pr olong fibrinogenolysis, Unit, Hammersmith Hospital, Du Cane Road, London W12 ONN, 


(Am J Cardiol 1990;65: 1051-1056) United Kingdom. 
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orrhagic complication with thrombolytic treatment, in- 
cluding previous gastrointestinal bleeding, an underly- 
ing malignancy, à cerebrovascular accident in the pre- 
ceding 6 months, recent (<4 weeks) surgery or organ 
biopsy, uncontrolled hypertension 
>200 or diastolic pressure >120 mm Hg) oF concomi- 
tant treatment with anticoagulant drugs; (2) cardiogen- 
ic shock (systolic blood pressure «80 mm Hg) or pul- 
monary edema that made immediate cardiac catheter- 
ization and adherence to the specified protocol too 
difficult; and (3) severely impaired renal or hepatic 
function. Women of childbearing potential were also ex- 
cluded. During the study period a total of 4 patients 
presenting with symptoms 0 <6 hours duration were 
excluded: 2 because of inability to give fully informed 
consent and 2 because of a recent (<6 months) history 
of bleeding peptic ulceration. 

Protocol: The study protocol was approved by our 
Institutional Research Ethics Committee. Immediately 
after presentation and electrocardiographic confirma- 
tion of the diagnosis in the Accident and Emergency 
Department, informed consent to participate in the 
study was obtained and continuous ?-channel electro- 
cardiographic ST-segment recording (Marquette 8000 
series) was commence". Leads selected for recording 
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were those that showed the greatest ST-segment eleva- 
tion on the 12-lead surface electrocardiogram. The pa- 
tients Were immediately taken to the cardiac catheter- 
ization laboratory. After insertion of short femoral arte- 
f 5,000 IU of heparin 
was administered intravenously. Right and left coronary 
arteriograms were obtained in multiple diagnostic views 
using the J udkins technique. An appropriate view of the 


isosorbide dinitrate (2 mg) 
ostium of the infarct-related coronary artery, followed 
by a 2 ml saline flush. Patients presenting with coronary 
occlusion Or obvious angiographic filling defects of the 
infarct-related coronary artery were then randomized to 
receive either an intravenous infusion of 40 clot-lysis 
megaunits (cIMU) of double chain rt-PA (Wellcome) 
over 90 minutes followed by 
over 5 hours j 
intravenous injections of 1 
minute intervals (cumulative 
quent assay? of this batch of rt-PA showed a specific 
activity of 98%. Treatment was allocated sequentially 
according to a predefined randomization schedule un- 
known to the investigators. 

Coronary arteriography was repeated at predefined 
intervals after the start of rt-PA (15, 35, 55 and 90 
minutes) and also in the event of relief of chest pain Or 
resolution of ST-segment elevation. At the end of the 
procedure the femoral arterial and venous sheaths were 
left in situ and patients were transferred to the coronary 
care unit; patency of the sheaths was maintained by 
slow infusion of saline with low doses of heparin (500 
TU /24 hrs). An :ntravenous infusion of heparin was ac- 
ministered over 24 hours to maintain an activated par- 
tial thromboplastin time of 2 to 3 times normal. An in- 
travenous infusion of glyceryl trinitrate was adminis- 
tered at a rate of | to 10 mg/hr titrated against systolic 
blood pressure. ilti 
zem (60 mg every 8 hours) were prescribed. 
mately 24 (18 to 36) hours later coronary arteriography 
was repeated in all cases. Following this, patients Were 
managed according to routine clinical care. Vascular in- 
vasion sites and clinical signs for possible hemorrhage 
were examined regularly. Patients were asked to report 
any untoward symptoms suggestive of bleeding. 

Blood samples for measurement of fibrinogen, Cross- 
linked fibrin-specific degradation products and plasmin- 
ogen concentrations in plasma were taken before and 
1.5, 4, 8, 16, 24, 48 and 72 hours after rt-PA adminis- 
tration. For these measurements blood was collected in 
citrated tubes containing 250 ug /ml polyclonal antibod- 
ies to t-PA, shown to block the in vitro effects of up to 
5 ug t-PA/ml plasma, to prevent further in vitro fi- 
brin(ogen)olysis. Additional blood samples for the de- 
termination of t-PA antigen concentration in plasma 


were taken 15, 35 and 55 minutes after administration 17 
of rt-PA. Blood samples for measurement of total and aN 


MB-fraction of creatine kinase were 
hours over the first 24 hours. 


taken every 4 











Analysis: Continuous electrocardiographic record- 
ings were computer processed using the Marquette 
8000 Laser Analysis System. A marker of the start of 
rt-PA administration was located in the event channel 
and plotted. The ST-segment trends were analyzed for 
the following 2 parameters: time taken from the start of 
rt-PA administration for the ST segment to decrease to 
50% of peak elevation, and time taken for the ST seg- 
ment to return to within 0.1 mV of the isoelectric base- 
line. 

The state of perfusion of the infarct-related vessel on 
the coronary arteriogram was graded by 2 blinded ob- 
servers from 0 (complete occlusion) to 3 (full patency), 
according to the classification criteria of the Throm- 
bolysis in Myocardial Infarction (TIMI) study group.° 
We defined coronary occlusion as TIMI grade 0 or 1 
and patency as grade 2 or 3. Time to recanalization Was 
measured from the commencement of rt-PA adminis- 
tration to the time the infarct-related coronary artery 
reached TIMI grade 2 or 3 reperfusion. The minimum 
luminal diameter of the infarct-related coronary steno- 
Sis was measured with an automated edge-contour 
detection computerized Cardiovascular Angiography 
Analysis System (CAAS, Pie Data Medical). This sys- 
tem was calibrated from the known diameter of the 
Judkins catheter, and appropriate corrections were 
made for the radiographic pincushion distortion. Results 
are expressed as absolute values of the minimal luminal 
diameter at the site of the infarct-related stenosis and as 
a percentage of the mean luminal diameter of the inter- 
polated diameter of the stenotic segment. 

Fibrinogen concentration was measured by clot rate 
assay (Clauss method)" and expressed in g/liter. Plas- 
minogen concentration was determined by chromogenic 
substrate assay using streptokinase as an activator 
(Coatest Plasminogen kit, Kabivitrum) and expressed 
as percentage of normal plasma. The fibrin-specific deg- 
radation product, D-dimer, was determined by latex ag- 
glutination test using monoclonal antibodies (Mabco 
Dimertest, Agen Biomedical) and expressed in ng/ml. 
Plasma levels of immunoreactive t-PA (t-PA antigen) 


FIGURE 2. Serial concentrations of plas- 
ma fibrinogen (mean + standard error of 
the mean) measured over 72 hours after 
multiple bolus (40 cIMU) or infusion (60 
cIMU) of rt-PA. 
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were measured in a subgroup of 14 patients (7 infusion, 
7 bolus) over the first 24 hours by specific ELISA 
(Imulyse, Biopool) and expressed in ng/ml. The inter- 
assay coefficient of variation was <10% for all assays. 

Statistical analysis: Results are expressed as mean 
+ standard error of the mean. The frequency of obser- 
vations in the 2 groups was tested for statistical signifi- 
cance with Fisher's exact probability test. Quantitative 
comparisons were tested for statistical significance with 
paired or unpaired 2-tailed Student's t tests, as appro- 
priate. A p value of «0.05 was taken as statistically 
significant. Where appropriate, the Bonferroni correc- 
tion* was applied to the levels of significance. 


RESULTS 

Patient characteristics: Of the 26 patients entered 
into the study, 9 had anterior ST-segment elevation and 
left anterior descending artery occlusion (2 patients in 
the infusion group, 7 in the bolus group) and 13 patients 
had inferior ST-segment elevation with right coronary 
artery occlusion (8 patients in the infusion group, 5 in 
the bolus group). The remaining 4 patients had true 
posterolateral electrocardiographic changes with corre- 
sponding dominant circumflex artery occlusions (2 pa- 
tients in each group). 

Twelve patients were randomized to receive rt-PA as 
an infusion (infusion group) and 14 patients received rt- 
PA according to the bolus regimen (bolus group). The 
mean duration of chest pain at the start of rt-PA was 
3.1 hours (range 1.4 to 5.0) in the infusion group and 
2.9 hours (1.8 to 5.2) in the bolus group (difference not 
significant). Five patients (2 in the infusion group and 3 
in the bolus group) with patent (TIMI grade 2 or 3) 
infarct-related coronary arteries before rt-PA adminis- 
tration had obvious arteriographic filling defects highly 
suggestive of intraluminal thrombus, and were not ex- 
cluded from treatment. 

Coronary arteriography: Acute recanalization of 
the infarct-related coronary artery, assessed at 90 min- 
utes from the start of rt-PA, occurred in 7 of 12 patients 
(58%; 95% confidence interval 28 to 85%) in the infu- 


LE 


* p«0.003 


16 
Time after rt-PA (hours) 
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sion group and 11 of 14 patients (79%; 95% confidence 
interval 49 to 95%) in the bolus group (difference not 
significant). This includes 5 patients (2 in the infusion 
group, 3 in the bolus group) with initial TIMI grade 2 
or 3 perfusion. There were 2 further recanalizations in 
the infusion group at 24 hours; 2 reocclusions and 2 
recanalizations occurred in the bolus group at 24 hours 
(Figure 1). 

The mean time from the start of rt-PA administra- 
tion to full patency of the infarct-related coronary ar- 
tery in the patients who achieved recanalization was 39 
+ 6 minutes in the infusion group and 28 + 6 minutes 
in the bolus group (difference not significant), exclud- 
ing patients with initial TIMI grade 2 or 3 perfusion at 
the start. 

There were no significant differences in absolute val- 
ue of the minimum infarct-related coronary artery lu- 
men between the infusion group and bolus group at 90 
minutes (1.30 + 0.2 vs 1.14 + 0.1 mm) or at 24 hours 
(1.52 + 0.2 vs 1.19 + 0.1 mm). Similarly there were no 
significant differences in the percentage stenosis be- 
tween the 2 groups at 90 minutes (60 + 8 vs 56 + 6%) 
or at 24 hours (53 + 4 vs 60 + 4%). 

Electrocardiographic monitoring: Technically satis- 
factory ST-segment recordings were obtained in 19 of 
the 26 patients monitored, of whom 14 had achieved 
acute coronary recanalization. The mean time taken for 
the ST segment to decrease to 50% of peak ST-segment 
elevation from the start of rt-PA administration in those 
patients who recanalized by 90 minutes was 5.1 + 3.4 
hours (6 patients) in the infusion group and 1.4 + 0.6 
hours (6 patients) in the bolus group (p = 0.3). In 2 
patients the ST segment did not decrease to 50% of 
peak by 24 hours. The mean time taken for the ST seg- 
ment to return to within 0.1 mV of the isoelectric line 
was 5.5 + 2.1 hours (6 patients) and 2.8 + 0.5 hours (3 
patients), respectively (p = 0.3). In 5 patients the ST 
segment did not to return to within 0.1 mV of the base- 
line at 24 hours. 
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FIGURE 3. Plasma levels of immunoreactive t-PA (mean + 
standard 


error of the mean) over the first 24 hours after ad- 
ministration of multiple bolus or continuous infusion of rt-PA. 
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Hemostatic and cardiac enzyme results: There were 
no significant differences between the 2 groups in any of 
the blood factors measured before rt-PA treatment. Af- 
ter rt-PA administration, the mean fibrinogen concen- 
tration decreased significantly (p «0.001) in both 
groups, with lowest values averaging 1.3 + 0.4 g/liter (a 
decrease of 59 + 8%) after 4 hours in the infusion group 
and 1.8 + 0.2 g/liter (a decrease of 47 + 8%) after 1.5 
hours in the bolus group (difference not significant be- 
tween groups). The estimated recovery time for fibrino- 
gen concentration to return to pretreatment levels was 
significantly longer in the infusion group (54 + 7 hours) 
than in the bolus group (29 + 6 hours, p = 0.01), such 
that at 48 hours fibrinogen levels were significantly low- 
er in the infusion group compared to the bolus group 
(3.2 + 0.2 vs 4.4 + 0.3 g/liter, p <0.003). Figure 2 
depicts serial fibrinogen concentrations over the first 72 
hours after admission in each group. A significant de- 
crease from pretreatment levels in the plasma plasmino- 
gen concentration was observed in both groups after rt- 
PA (p <0.001), with lowest mean values averaging 35 
+ 9% normal plasma at 4 hours in the infusion group 
and 46 + 3% at 1.5 hours in the bolus group (difference 
not significant between groups). Plasminogen levels 
were significantly lower in the infusion group between 6 
and 12 hours after the start of rt-PA (p <0.003). The 
estimated recovery time for plasminogen concentration 
to return to pretreatment levels was not significantly 
different between the 2 groups (53 + 4 vs 51 + 4 
hours). 

Plasma levels of immunoreactive t-PA were consis- 
tently higher in the infusion group compared to the bo- 
lus group over the entire period of monitoring (15 min- 
utes to 24 hours after start of rt-PA) (Figure 3). This 
difference was statistically significant at 15 minutes 
(2,737 + 161 vs 1,112 + 316 ng/ml, p <0.001) and at 
35 minutes (3,439 + 289 vs 1,213 + 259 ng/ml, p 
<0.001). The cumulative dose of administered rt-PA at 
15 minutes was 6.7 cIMU in the infusion group versus 
10 cIMU in the bolus group, and 15.6 versus 20 cIMU, 
respectively, at 35 minutes. 

The concentration of cross-linked fibrin degradation 
products increased from the time of admission («125 
ng/ml in both groups) to a peak at 4 hours in both 
groups (1,575 + 382 ng/ml in the infusion group and 
450 + 178 ng/ml in the bolus group, p <0.01). Plasma 
concentrations of D-dimer at 8 hours were also signifi- 
cantly higher in the infusion group compared to the bo- 
lus group (500 + 94 vs 182 + 57 ng/ml, p <0.01). 

Time to peak creatine kinase (MB fraction) concen- 
tration was 12.2 + 0.5 hours in the infusion group and 
9.8 + 0.4 hours in the bolus group (difference not sig- 
nificant); cumulative creatine kinase (MB fraction) 
concentrations at 24 hours were similar in both groups 
(2,915 + 848 vs 2,629 + 848 IU X 17! X 24 hours). 

Adverse effects: Groin hematomas (defined as an 
obvious collection of blood in the subcutaneous tissues 
related to femoral arterial and venous punctures) Oc- 
curred in 5 patients in the infusion group but in none of 
the bolus group. In 1 of these 5 patients oozing around 


v 








the puncture sites was associated with a decrease in the 
hemoglobin from 12.4 to 9.0 g/dl over 24 hours and 3 
units of whole blood were transfused. Another patient in 
the infusion group had considerable blood loss from a 
previously undiagnosed peptic ulcer and was transfused 
with 2 units of whole blood. None of the patients in 
either group received any further thrombolytic therapy. 
One patient had angioplasty of the infarct-related steno- 
sis performed 1 week after the acute event because of 
continuing unstable angina. Another patient had urgent 
coronary bypass surgery performed within 72 hours of 
the acute event for postinfarction angina and severe 3- 
vessel disease. There were no in-hospital deaths. 


DISCUSSION 

This study demonstrates that multiple bolus admin- 
istration of rt-PA is clinically feasible, rapidly effective 
and apparently safe in patients with acute myocardial 
infarction. The average time to achieve coronary recan- 
alization for rt-PA administered intravenously has been 
cited as 45 minutes? In our study the recanalization 
times were well within these limits for both groups of 
patients. Patients randomized to the bolus dosing sched- 
ule showed a trend toward more rapid recanalization 
than those receiving the infusion regimen. This is sup- 
ported by the trend toward a shorter time for the ST 
segment to decrease to 5096 of peak ST elevation and to 
resolve to within 0.1 mV of the isoelectric line in the 
bolus group. Also, a trend toward a shorter time to peak 
creatine kinase was observed in the bolus group. There- 
fore, when compared to infusion, bolus dosing has con- 
siderable implications for optimal myocardial salvage; it 
may be possible to shorten the duration of acute isch- 
emia by crucial minutes. Further practical advantages 
include greater ease and rapidity of rt-PA administra- 
tion and, given the smaller total dose of rt-PA, a lower 
overall cost of therapy. 

The apparently shorter time required for electrocar- 
diographic resolution of ischemia in the patients in the 
bolus group is consistent with earlier arteriographic re- 
canalization. The magnitude of the differences cannot 
be easily explained. It is not surprising, however, that 
electrocardiographic resolution of ischemia may lag be- 
hind the arteriographic evidence of recanalization when 
the duration of the coronary occlusion and preceding 
ischemia has lasted for a considerable length of time. 

The rationale for comparing multiple bolus adminis- 
tration versus prolonged infusions of rt-PA stems from 
both experimental and clinical observations. !0.!! First, 
effective coronary thrombolysis is not directly related to 
circulating levels of plasma t-PA activity; after adminis- 
tration of t-PA, thrombolysis can go on even when plas- 
ma t-PA activity is no longer measurable.!! Secondly, 
Clozel et al!? recently demonstrated in a rabbit jugular 
vein thrombosis model that during continuous infusion 
of t-PA for 4 hours, the duration of action of t-PA was 
limited to approximately 2 hours although plasma t-PA 
activity remained stable. 

A currently recommended regimen for rt-PA is to 
administer 100 mg (about 40 cIMU ) intravenously over 


a period of 6 hours with most of the drug administered 
over the first hour.!? Our bolus dosing regimen was cho- 
sen because the total cumulative dose was equivalent to 
the total recommended thrombolytic dose in a concur- 
rently running study. We did not feel that the entire 
dose given as a single bolus injection would have been 
ethically feasible in an initial clinical study. We used an 
infusion regimen currently recommended by Wellcome 
Research Laboratories for their rt-PA at the time of 
initiation of the study. 

Early thrombolysis is likely to depend on the rapidity 
with which local concentration of rt-PA within and on 
the surface of the coronary thrombus is achieved. The 
surface concentration in turn presumably depends on 
the concentration of rt-PA that is not irreversibly com- 
plexed in plasma. In this study the patients in the bolus 
group probably had an earlier peak concentration of rt- 
PA in plasma and possibly on the clot surface too. Our 
sampling schedule probably missed the peak plasma lev- 
els of rt-PA associated with the bolus dosing, which 
would have been very difficult to characterize without 
extremely frequent blood sampling. Therefore, we can- 
not determine from our data whether the trend to later 
recanalization in patients in the infusion group was re- 
lated to the lack of a loading bolus dose of rt-PA or to 
the smaller cumulative dose of rt-PA over the first 60 
minutes in the infusion group. However, at 15 minutes, 
which was the earliest sampling time from the start of 
treatment, the patients in the infusion group had signifi- 
cantly higher levels of plasma immunoreactive t-PA. 
Thus, despite the lower observed t-PA levels in plasma, 
the bolus dosing schedule appears to achieve effective 
thrombolysis more quickly than the infusion regimen. 

Our results indicate that both dosing regimens 
achieved considerable systemic plasminogen activation, 
as assessed by the significant decrease in plasminogen 
and fibrinogen concentrations in plasma. Both groups of 
patients showed a comparable decrease in fibrinogen 
concentrations implying similar degrees of fibrinoge- 
nolysis; however return to pretreatment levels (Figure 
2) occurred earlier in those patients randomized to the 
bolus regimen. The higher levels of fibrin-specific deg- 
radation products observed in the infusion group are 
probably related to the longer duration of rt-PA admin- 
istration in this group and, perhaps, to more extensive 
degradation of soluble cross-linked fibrin polymers asso- 
ciated with the greater total dose of rt-PA |4 

The frequency of early reocclusion in this study was 
low and does not appear to be inordinately higher in the 
group that received serial bolus doses of rt-PA. It has 
been postulated that a reduction in plasma fibrinogen 
may be associated with a lower risk of coronary reocclu- 
sion'5; on the other hand a quicker resolution of the de- 
pletion in fibrinogen would allow other acute interven- 
tional procedures such as coronary angioplasty or by- 
pass surgery, when indicated, to be safely performed at 
an earlier stage. 

The frequency of bleeding complications appeared to 
be lower in the bolus group, in keeping with our hypoth- 
esis that bolus dosing, while achieving rapid recanaliza- 
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tion, might also be associated with fewer bleeding epi- 
sodes. Two factors might account for the possible great- 
er frequency of bleeding complications in the infusion 
group: the total dose of rt-PA was larger (60 vs 40 
cIMU) and the duration of the decrease in fibrinogen 
concentration was greater in the infusion group (Figure 
2). The frequency of bleeding problems associated with 
the use of thrombolytic therapy has not, however, been 
clearly related to plasma fibrinogen concentrations or 
other hemostatic variables.’ 

This study represents a sequential experience with 
relatively small numbers of patients in each group; how- 
ever, the practical and clinical implications for maxi- 
mum early coronary recanalization coupled with mini- 
mal bleeding complications are obvious. Several po- 
tential advantages for bolus dosing over prolonged infu- 
sions of rt-PA are apparent: ease of administration, rap- 
id recanalization, reduction in the duration of acute 
ischemia and possibly fewer bleeding complications. 
Our present observations therefore need to be extended 
and verified in a larger, prospective, randomized trial. 
In conclusion, multiple bolus intravenous rt-PA appears 
to be a clinically feasible, effective and potentially safe 
method for achieving rapid recanalization of the infarct- 
related coronary artery. 
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Prognostic Significance of Sustained 
Monomorphic Ventricular Tachycardia Induced 
by Programmed Ventricular Stimulation Using 


up to Triple 


Extrastimuli in Survivors 


of Acute Myocardial Infarction 


Yoshito lesaka, MD, Akihiko Nogami, MD, Kazutaka Aonuma, MD, Junichi Nitta, MD, 
Yeong-Hwa Chun, MD, Hideomi Fujiwara, MD, and Masayasu Hiraoka, MD 


The prognostic significance of sustained monomor- 
phic ventricular tachycardia (VT) induced by pro- 
grammed ventricular stimulation using up to 3 
extrastimuli was evaluated in 133 consecutive 
survivors of acute myocardial infarction (AMI) at a 
mean interval of 1.8 + 1.1 months after onset. This 
was compared with hemodynamic and angiograph- 
ic abnormalities shown by cardiac catheterization 
and ventricular ectopic activity detected by Holter 
monitoring. Sustained monomorphic VT was in- 
duced in 25 (19%) patients, sustained polymorphic 
VT in 11 (8%) patients, nonsustained monomorphic 
VT (210 beats) in 12 patients (9%) and nonsus- 
tained polymorphic VT in 9 patients (7%). Muli- 
variate logistic regression analysis of clinical, angi- 
ographic, hemodynamic and electrocardiographic 
variables showed that the presence of a left ventric- 
ular aneurysm (p = 0.005) and Lown grade 4B 
ventricular ectopic activity (p <0.001) were inde- 
pendent predictors of inducibility of sustained 
monomorphic VT. During a mean follow-up of 21 + 
13 months, there were 8 (6%) sudden cardiac 
deaths and 3 (2.3%) spontaneous occurrences of 
life-threatening sustained VT. The 2-year probabil- 
ity of freedom from sudden cardiac death or sus- 
tained ventricular tachyarrhythmias was 53 + 13% 
for patients with inducible sustained monomorphic 
VT, 70 + 10% for those with a left ventricular 
ejection fraction <40% and 58 + 13% for those 
with Lown grade 4B ventricular ectopic activity. 
Cox regression multivariate analysis revealed only 
inducibility of sustained monomorphic VT (p 
<0.001) and lower left ventricular ejection fraction 
(p <0.001) as independent predictors of life-threat- 
ening cardiac arrhythmic events, and further, the 
former predictor was relatively stronger than the 
latter (coefficient + standard error, 2.69 + 0.88 vs 
—0.12 + 0.40). 

Programmed ventricular stimulation with an 
aggressive stimulation protocol and a strict cri- 
terion of abnormal response appeared to be useful 
to predict the high risk of sudden cardiac death 


or spontaneous sustained ventricular tachyarrhyth- 
mia in survivors of AMI without documented sus- 
tained ventricular tachyarrhythmias. 

(Am J Cardiol 1990;65:1057-1063) 


major cause of death of survivors of acute 
A oe infarction (AMI) is sudden cardiac 

death due to malignant ventricular tachyar- 
rhythmias.!-^ Various approaches have been reported to 
detect and predict which patients are at a high risk for 
such fatal events after AMI. Among these approaches, 
ambulatory electrocardiography for ventricular ectopic 
activity is commonly used. Its diagnostic accuracy, how- 
ever, is not necessarily high and varies among different 
studies.>~? In recent years, the role of programmed ven- 
tricular stimulation for the identification of patients at a 
high risk for sudden cardiac death or spontaneous oc- 
currence of sustained ventricular tachycardia (VT) af- 
ter AMI has been investigated at many institutions, 0-20 
The results to date still remain controversial. The specif- 
ic aim of this study was to assess the clinical signifi- 
cance and predictive accuracy of programmed ventricu- 
lar stimulation with an aggressive stimulation protocol 
and a strict criterion considering morphology and sus- 
tainment of induced VT, in comparison with Holter 
monitoring and cardiac catheterization in nonselected 
consecutive cases. 


METHODS 

Study population: The study population consisted of 
180 consecutive patients aged <80 years admitted to 
Tsuchiura Kyodo General Hospital and Musashino Red 
Cross Hospital between January 1984 and December 
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TABLE I Response to Programmed Ventricular Stimulation 


Incidence MeanVTCL Mean No. 
Type VT (%) (ms) Extrastimuli 
















Sustained monomorphic 25 (19) 258 + 63 2.4+0.8 
Sustained polymorphic 11 (8) 221 + 49 2.6+0.5 
Nonsustained monomorphic 12 (9) 275437 | 22406 
Nonsustained polymorphic 9 (7) 240 +33] 26405 
Total 57 (43) 253+ 56 2.44 0.5 
Negative response («10 RVR) 76 (57) — — 


* 

p «0.05. 
CL = cycle length; RVR = repetitive ventricular response; VT ventricular tachycar- 
dia. 















TABLE ll Comparison of Clinical and Hemodynamic Data 
Among Sustained Monomorphic, Sustained Polymorphic and 
No Sustained Ventricular Tachycardia Groups 











SMVT SPVT No SVT 
Inducible Inducible Inducible 
(n = 25) (n 7» 11) (n = 97) 












56.7 + 10.9 576484 56.5199 





(Men) (%) 92 100 88 
Location of AMI 

Anterior (96) 68 55 56 

LVEF (96) 53415 













14 





LV aneurysm (%) 52 






156 
2.8+0.5 


135 
3941.3 


LVEDP (mm Hg) 
CI (liters/min/m?) 2.5 € 0.5 













AMI = acute myocardial infarction; Cl = cardiac index; LVEDP = left ventricular end- 
diastolic pressure; LVEF = left ventricular ejection fraction; SMVT = sustained mono- 
morphic ventricular tachycardia; SPVT = sustained polymorphic ventricular tachy- 
cardia; SVT = sustained ventricular tachycardia. 


1986 because of Q-wave AMI or for further examina- 
tion of the status after AMI. Patients were excluded 
from the study if they had 1 of the following: uncon- 
trolled angina or heart failure; recurrent sustained VT 
>48 hours after AMI; or severe noncardiac disease. Of 
the 180 patients, 133 (119 men, 14 women, mean age 
57 years, range 34 to 79, 76 with anterior AMI, 57 with 
inferior AMI, mean left ventricular ejection fraction 
5190) gave written informed consent to undergo pro- 
grammed ventricular stimulation in addition to cardiac 
catheterization. All patients underwent programmed 
ventricular stimulation in the postabsorptive state and 
while receiving no antiarrhythmic medication. Electro- 
physiologic tests were performed at a mean of 1.8 + 1.1 
months (range 1.0 to 6.0) after AMI. Two quadripolar 
electrode catheters were inserted percutaneously and 
positioned at the right ventricular apex and outflow 
tract. Twelve-lead surface electrocardiograms were also 
recorded during ventricular stimulation. Up to 3 ven- 
tricular extrastimuli were introduced after 6 beats of 
basic ventricular pacing at cycle lengths of 600 and 400 
ms from the right ventricular apex and outflow tract. 
With a single extrastimulus, diastole was scanned to the 
point of ventricular refractoriness. If a single extrastim- 
ulus (S2) from 2 right ventricular sites did not induce 
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TABLE Ili Comparison of Holter Monitor and 
Electrophysiologic Data Among Sustained Monomorphic 
Ventricular Tachycardia, Sustained Polymorphic Ventricular 
Tachycardia and No Sustained Ventricular Tachycardia 
Groups 






















SPVT 
Inducible 
(n2 11) 


No SVT 
Inducible 
(n = 97) 


SMVT 
Inducible 





Holter grade 4B (%) 






QRS duration (ms) 


QTc interval (ms) 429418 413446 










HV interval (ms) 50 + 16 44 t6 44 18 
ERP of the RV (ms) 253+ 31 243117 254424 
VT cyclelength (ms) 258 + 63 221+49 — 
No. stimuli required 2.6 + 0.5 2.4 + 0.8 — 











ERP = effective refractory period; SMVT = sustained monomorphic ventricular 
tachycardia; SPVT = sustained polymorphic ventricular tachycardia; SVT = sustained 
ventricular tachycardia; VT = ventricular tachycardia. 
















TABLE IV Predictors of Inducible Sustained Monomorphic 
Ventricular Tachycardia (Stepwise Logistic Regression 
Analysis) 












Univariate Multivariate 


No. ee 


Patients pValue pValue Coefficient+ SE 








Variables 











EF (%)* 


EF <40% 21 

LV aneurysm 28 0.002 0.005 —1.07 + 0.36 
Holter grade 4B 16 «0.0010 «0.000 -1.76+0.45 
Constant —0.32 + 0.48 











* Data analyzed using continuous values. 
EF = ejection fraction; LV = left ventricular; SE = standard error. 


sustained VT, a second extrastimulus (S3) was added. 
Double extrastimuli were introduced starting at an Sı- 
S, interval 50 ms longer than the ventricular effective 
refractory period and an SS; interval equal to the 
S|-S> interval. The S;-S; interval was shortened by 10 
ms until S4 met the refractory period. Then, the S;-S; 
interval was set 10 ms shorter than the initial value and 
the S;-S; interval was shortened by 10 ms from the in- 
terval equal to the S)-S2 interval until the effective re- 
fractory period was reached. This sequence was repeat- 
ed until both extrastimuli reached refractoriness or sus- 
tained ventricular tachyarrhythmias were induced. 
Triple extrastimuli (S2, S3, S4) were delivered in the 
same way as the double stimuli protocol if double extra- 
stimuli did not induce sustained VT from 2 right ven- 
tricular sites. Responses to ventricular stimulation were 
defined as the following: sustained monomorphic VT 
characterized as having a uniform QRS configuration 
and axis with a constant rate lasting >30 seconds or 
requiring termination because of hemodynamic deterio- 
ration; sustained polymorphic VT with a morphological- 
ly disorganized ventricular rhythm lasting >30 seconds 
or requiring termination; and nonsustained VT charac- 
terized with 210 complexes of VT that terminated 
spontaneously in <30 seconds. Ventricular fibrillation 
was included in sustained polymorphic VT. 

A 24-hour Holter recording was performed in all 
133 patients while they received no antiarrhythmic 





LJ 
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medication before the electrophysiologic test. Ventricu- 
lar ectopic activity was classified according to Lown 
grade, except grade V, and the highest grade was deter- 
mined in each case. Cardiac catheterization was per- 
formed in 113 patients. Follow-up data were obtained at 
l- to 4-week intervals during hospital visits, by tele- 
phone or by a letter. The follow-up period began on the 
day of electrophysiologic test and ended on the date of 
last contact or death. Cause of death was classified as 
sudden and nonsudden. Sudden death was defined as 
death within 1 hour from the onset of symptoms or 
death resulting as a consequence of electrocardiographi- 
cally registered ventricular arrhythmias without signs of 


myocardial infarction of new onset. Unwitnessed death 


during sleep was classified as sudden death if there was — 
no clinical or postmortem evidence for nonarrhythmic — — 


cause. Spontaneous arrhythmia occurrence was defined 
as electrocardiographically documented sustained VT or 
ventricular fibrillation. The patients were followed up 
without any antiarrhythmic drugs and (-adrenergic 
blocking agents given as a rule. 

Statistics: Continuous values were expressed as the 
mean + 1 standard deviation. Comparisons of continu- 
ous variables were made using the 2-tailed Student's t 
test. Dichotomous variables were analyzed using the 
chi-square test. Stepwise logistic regression analysis was 
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prognosis than SPVT (p <0.05) or No 
SVT groups (p «0.01). There were no sig- 
nificant differences in prognosis 
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SPVT and No SVT groups. 
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FIGURE 2. Cumulative survival curves 
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performed to identify the independent variables predic- 
tive of inducible VT. Survival curves were calculated 
using the Kaplan-Meier product-limit method and com- 
pared by the generalized Wilcoxon (Breslow) test. Ac- 
tuarial probabilities of survival of variables for sudden 
death or arrhythmia recurrence were performed by the 
method of Cox. A p value of <0.05 was considered sig- 
nificant. 


RESULTS 

Sustained monomorphic VT was induced in 25 pa- 
tients (19%), sustained polymorphic VT in 11 patients 
(8%), nonsustained monomorphic VT in 12 patients 
(9%) and nonsustained polymorphic VT in 9 patients 
(7%, Table I). The mean cycle length of induced sus- 
tained monomorphic VT was 258 ms and the mean 
number of extrastimuli needed to induce sustained 
monomorphic VT was 2.4. No minor or major compli- 
cations were observed during stimulation studies. 

On the basis of responses to programmed ventricular 
stimulation, the patients were divided into the following 
3 groups: inducible sustained monomorphic VT; induci- 
ble sustained polymorphic VT; and no inducible sus- 
tained VT. The third group consisted of patients with 
nonsustained monomorphic/polymorphic VT and pa- 
tients with a negative response. The 3 groups were cor- 
related with findings of catheterization and Holter mon- 
itorings (Tables II and IIT). The patient group with in- 
ducible sustained monomorphic VT had a significantly 
lower ejection fraction, lower cardiac index, higher inci- 
dence of left ventricular aneurysm, Lown grade 4B on 
Holter monitoring and a longer QTc interval than the 
other 2 groups (Tables II and III). Multivariate logistic 
regression analysis of the variables listed in Tables II 
and III revealed that independent variables predictive of 
inducibility of sustained monomorphic VT were the 
presence of left ventricular aneurysm (p = 0.005) and 
Lown grade 4B ventricular ectopic activity on Holter 
monitoring (p «0.001, Table IV). 

The mean follow-up period for the 133 patients was 
21 + 13 months (up to 50). The mean follow-up period 
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HOLTER 4A 
HOLTER 0—3 (n=86) 





for survivors was 22 + 13 months and 6.5 + 4.6 months 
for patients who died. Eight patients (6%) died suddenly 
in the follow-up period and 3 patients (2.3%) had spon- 
taneous VT. Actuarial probabilities of survival from 
sudden death were 94 + 2% at 1 year and 93 + 2% at 2 
years and probabilities of freedom from arrhythmic 
event (sudden death or spontaneous arrhythmia occur- 
rence) were 92 + 2% at 1 year and 89 + 3% at 2 years 
in this patient population. In 3 spontaneous VT patients, 
morphologic concordance between the induced and 
spontaneous VT was confirmed electrocardiographi- 
cally. 

A survival curve without arrhythmic events for each 
group was described using the Kaplan-Meier product- 
limit method (Figure 1). The inducible sustained mono- 
morphic VT group had a significantly poorer prognosis 
than the inducible sustained polymorphic VT group (p 
<0.005) or the no inducible sustained VT group (p 
<0.001). There was no significant difference in progno- 
sis between the sustained polymorphic VT group and 
the no inducible sustained VT group. 

Prognosis was compared between patient groups 
with left ventricular ejection fraction 240 and <40% 
(Figure 2). The latter group showed significantly poorer 
prognosis than the former (p «0.0001 ). 

According to Holter monitor results, the patients 
were classified into the following 3 groups: 86 had Lown 
grade 0 to 3; 31 had Lown grade 4A; and 16 had Lown 
grade 4B. The group with Lown grade 4B ventricular 
ectopic activity was shown to have a significantly poorer 
prognosis than the other 2 groups (Figure 3). The prog- 
nosis-discriminating power of the Lown grades com- 
bined with programmed ventricular stimulation results 
was also evaluated (Figure 4). This survival curve 
showed that inducibility of sustained monomorphic VT 
had a significant discriminative power, while Lown 
grade 4B ventricular ectopy did not (Figure 4). 

Cox regression multivariate analysis showed only in- 
ducibility of sustained monomorphic VT (p «0.001) 
and lower ejection fraction (p «0.001) as independent 
variables predictive of arrhythmic events in the follow- 


FIGURE 3. Cumulative survival curves 
(product-limit method) free from arrhyth- 
mic events in postinfarction patients with 
Lown grade O to 3, 4A and 4B on Holter. 
Patient group with Lown 4B repetitive 
ventricular premature complexes were 
shown to have significantly poorer prog- 
nosis than other patient groups (Lown O to 
3 vs 4B, p = 0.0001; Lown 4A vs 4B, p = 
0.0008). 


(n=16) 
(n=31) 








up period. Further, the 
stronger than the latter 
2.69 + 0.877 vs —0.12 + 0.040, Table V). 

Predictive values of inducible sustained monomor- 
phic VT were calculated and compared with low left 
ventricular ejection fraction <40% (Table VI). Those of 
inducible sustained monomorphic VT were higher than 
those of low left ventricular ejection fraction (Table 
VI). 


DISCUSSION 

Since the report of Green et a]!0 in 1978, the useful- 
ness of programmed ventricular stimulation to identify 
patients at high-risk for sudden cardiac death or sus- 
tained VT occurrence after AMI has been evaluated in 
10 studies and over 1,000 patients. However, the results 
of these studies remain controversial.0-20 Six studies 
have suggested that programmed ventricular stimula- 
tion may be useful, while the others obtained contradic- 
tory results.10-124.1619 These studies differ in the fol- 
lowing aspects: patient populations; intervals from the 
onset of AMI to electrophysiologic study; definitions of 
abnormal response to programmed ventricular stimula- 
tion; programmed stimulation protocols including its 
endpoint; and follow-up periods. 10-20 Among the contro- 
versial points cited, the following items need to be taken 
into consideration. First, electrophysiologic study was 
performed at a relatively early phase, within 4 weeks 
after the onset of AMI, in the previous studies. The 
mean intervals from the onset of AMI to electro- 
physiologic study range from 10 to 25 days (mean 
17).?? Second, they used nonaggressive stimulation 
protocols with up to 2 extrastimuli, except for the stud- 
ies of Waspe et al! and Bhandari et al," and employed 
a limited endpoint of stimulation protocol, except for 
the studies of Marchlinski,!3 Waspe,!6 Bhandari,!7 
Roy!® and their co-workers. They used sustained VT or 
ventricular fibrillation induction as an endpoint. Third, 
the criterion of abnormal response to programmed ven- 
tricular stimulation was not exclusively strict. There 


former variable was relatively 
(coefficient + standard error, 
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TABLE V Predictors of Arr 
Analysis) 


hythmic Event (Cox Regression 













Univariate Multivariate 








No. 
Patients 






Variables pValue pValue Coefficient + SE 









Anteroseptal AMI — 76 








Inducible SMVT 25 <0.001 2.69 + 0.877 
Inducible MVT 37 <0.001 
EF (%)* «0.001 «0001 -0124 0.040 
EF «4095 21 «0.001 
LV aneurysm 28 0.009 
Holter grade 4B 16 0.009 
CI (liters /min/m?) 0.013 






* Data analyzed using continuous values. 
AMI = acute myocardial infarction; Cl = cardiac index; EF = ejection fraction; LV = 
left ventricular; SE = Standard error; SMVT = sustained monomorphic ventricular 
tachycardia. 


















TABLE VI Comparison of Predictive Value of Inducible 
Sustained Monomorphic Ventricular Tachycardia and Low 
Left Ventricular Ejection Fraction 























Inducible Inducible 
Inducible Low LVEF SMVTand SMVTor 
SMVT (LVEF <40%) Low LVEF LowLVEF 






Sensitivity (%) 82 55 












Specificity (%) 87 87 

Positive predictive 36 27 50 28 
value (%) 

Negative predictive 98 95 94 100 
value (%) 

Predictive 86 84 92 79 







accuracy (%) 


LVEF = left ventricular ejection fraction; SMVT = Sustained monomorphic ventricu- 
lar tachycardia. 








Sustained VT induction as a 


were no studies using 
marker of ventricular instability. Fourth, the follow-up 
period was not sufficiently long. There was only 1 report 


with a mean follow-up period >20 months.!? In addi- 
tion, in only a few of the studies, the predictive useful- 
ness of programmed ventricular stimulation was com- 
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pared with other currently available invasive or nonin- 
vasive techniques, including Holter monitoring, exercise 
stress testing, signal-averaged electrocardiogram or car- 
diac catheterization. ^! ^" 

Influence of timing of programmed ventricular stim- 
ulation on inducibility of VT and predictive ability of 
sudden cardiac death has not been fully taken into ac- 
count and investigated. One experimental?! and a clini- 
cal report?? described significant time-dependent differ- 
ences in VT inducibility. The inducibility of arrhyth- 
mias was labile for the first 2 to 3 weeks of infarction 
with the results becoming more stable after the fourth 
week. Our data also showed that programmed ventricu- 
lar stimulation in the fifth week after acute myocardial 
infarction resulted in a lower incidence of sustained 
monomorphic VT induction and a higher predictive val- 
ue of sudden cardiac death than that performed in the 
third week in the same patient population.” Therefore, 
it seems probable that reliable results of programmed 
stimulation can be obtained at least 4 weeks after acute 
episodes, at which period acute or subacute pathologic 
change is assumed to be stabilized. 

The number of extrastimuli also affects the induc- 
ibility of VT. It has been reported that 3 extrastimuli 
are commonly required to initiate clinical VT in isch- 
emic heart disease and in sudden cardiac death patients 
without sustained VT documented clinically.?^-?/ These 
results suggest that a nonaggressive stimulation protocol 
using up to 2 extrastimuli might be inadequate for risk 
stratification of post-AMI patients without clinical 
VT.12.120 On the other hand, it is well known that the 
incidence of nonclinical polymorphic VT or ventricular 
fibrillation induction increases with the number of 
extrastimuli used.”*? Therefore, a strict criterion of 
electrical instability might be required to identify true 
high-risk patients, particularly when an aggressive stim- 
ulation protocol is used. Induction of sustained mono- 
morphic VT has been accepted as a marker of the pres- 
ence of electrophysiologic substrate of life-threatening 
reentrant ventricular tachyarrhythmias and high-risk 
postinfarction patients, although the significance of rap- 
id and poorly tolerated induced sustained monomorphic 
VT has remained controversial.!2:!6!928 In our study, 
inducibility of sustained monomorphic VT and lower 
left ventricular ejection fraction were the only indepen- 
dent predictors of life-threatening cardiac events; the 
former was stronger than the latter. Also, the presence 
of complex ventricular ectopic activity of Lown grade 
4B was an independent predictor of the inducibility of 
sustained monomorphic VT as well as ventricular aneu- 
rysm. Repetitive ventricular ectopy and left ventricular 
dysfunction have already been proposed as risk factors 
for sudden cardiac death in postinfarction patients. 
The presence of ventricular ectopy has been considered 
to be closely linked to the presence of left ventricular 
dysfunction and merely a marker of depressed left ven- 
tricular function, which is a true determinant of 
risk.2!830 Several studies have proposed reduced left 
ventricular function as the only independent predictor of 
sudden cardiac death.?4!31718 This predictor has a lim- 
ited value clinically because it cannot indicate a direct 
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pathogenetic mechanism of sudden cardiac death in 
each case. However, it can suggest that this group of 
patients needs some therapeutic interventions to im- 
prove reduced left ventricular function in order to pre- 
vent the occurrence of sudden cardiac death. The sig- 
nal-averaged electrocardiogram, which has the same 
limitations as left ventricular function, has been cited as 
a very useful method for the identification of high-risk 
patients and as a potential screening test for selection of 
patients to undergo programmed ventricular stimulation 
study.$9/49 The negative predictive value of pro- 
grammed stimulation in our study, meaning the likeli- 
hood of freedom from cardiac events, was extremely 
high at 98%, while its positive predictive value, meaning 
the likelihood of occurrence of cardiac events, was low 
at 36%. These values are very similar to the data of 
Richards et al.!2 They show that a positive predictive 
value of 3596 is acceptable and perhaps the maximum to 
be expected from any single test because the probability 
of VT recurrence in patients with a history of spontane- 
ous VT within a year is only about 3595?! The fact that 
programmed ventricular stimulation has a low positive 
predictive value might suggest that there may be some 
factors precipitating sudden cardiac death other than 
electrical instability detectable by programmed ventric- 
ular stimulation. This is supported by the studies report- 
ing that -adrenergic blocking agents might significant- 
ly decrease sudden cardiac death in survivors of acute 
myocardial infarction??? 

To confirm further the utility of programmed ven- 
tricular stimulation, outcome of electrophysiologic-guid- 
ed therapy in predicted high-risk postinfarction patients 
for prevention of life-threatening VT must be investi- 
gated. In addition, the efficacy of combined use of pro- 
grammed ventricular stimulation and other invasive and 
noninvasive methods has to be studied to increase its 
predictive value, and, to relieve its potential morbidity 
and mortality due to unnecessary stimulation studies by 
screening the patients with proper indications of pro- 
grammed ventricular stimulation. 
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Frequency, Characteristics and Significance 
of Supraventricular Tachyarrhythmias Detected 
by 24-Hour Electrocardiographic Recording 
in the Late Hospital Phase 
of Acute Myocardial Infarction 


M. Zoni Berisso, MD, Lorenzo Carratino, MD, Antonello Ferroni, MD, Giuseppe S. Mela, MD, 
Gianfranco Mazzotta, MD, and Carlo Vecchio, MD 


I0 06e 1: RR Se Ae a ne be ee tee 
The incidence, characteristics and clinical signifi- 


cance of supraventricular tachyarrhythmias occur- 
ring in the late hospital phase of acute myocardial 
infarction (AMI) were assessed in 209 consecutive 
patients. Arrhythmias were quantified by 24-hour 
electrocardiographic recording 16 + 3 days after 
AMI, and were classified according to the degree of 
complexity in 5 classes. Class 0 = «5 premature 
beats/hr; class 1 = between 5 and 100/hr; class 2 
= >100/hr or repetitive premature beats; class 3 = 
atrial-junctional tachycardia; class 4 = atrial flut- 
ter—fibrillation. Supraventricular tachyarrhythmias 
classes 1 to 2 always occurred in the absence of 
symptoms in 86 patients (4196); supraventricular 
tachyarrhythmias classes 3 to 4 (paroxysmal, self- 
limiting, brief) occurred in 27 patients (13%), 
symptomatically in 6. The presence of supraven- 
tricular tachyarrhythmias classes 2 to 3 was relat- 
ed to age over 55 years and complex ventricular 
tachyarrhythmias (>20 premature beats/hr, ven- 
tricular tachycardia) (both p «0.05). Increasing 
complexity of supraventricular tachyarrhythmias 
was significantly associated with presence and en- 
tity of cardiac enlargement and left ventricular dys- 
function (both p «0.01). Patients with class 4 
showed the most severe cardiac deterioration. Dur- 
ing the 2 years after AMI, patients with classes 2, 
3 and 4 had a higher incidence of acute pulmonary 
edema, New York Heart Association functional 
classes Ill to IV for congestive heart failure (both 
p «0.005) and a greater need of digitalis and diu- 
retics (p = 0.003). In these patients the probability 
of surviving 2 years was 79% compared to 94% in 
the remaining population (p = 0.002). Cox multiple 
regression analysis indicated that supraventricular 
tachyarrhythmia classes 2, 3 and 4 did not predict 
an increased risk of cardiac death independently 
from cardiac enlargement and left ventricular dys- 
function. Arrhythmia monitoring in the late hospital 
phase of AMI should take into account complex su- 
praventricular tachyarrhythmias because of their 
relation to left ventricular dysfunction and subse- 
quent clinical course. 

(Am J Cardiol 1990;65:1064-1070) 
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(AMI), continuous electrocardiographic monitoring 

has clearly shown a high incidence of supraventricu- 
lar tachyarrhythmias in the coronary care unit and on 
hospital discharge. In the coronary care unit some form 
of supraventricular tachyarrhythmias is exhibited by 
nearly two thirds of patients.!-? On hospital discharge, 2 
or 3 weeks after the acute event, 30 to 50% of patients 
still show supraventricular tachyarrhythmias.*° The 
clinical significance and prognostic value of early supra- 
ventricular tachyarrhythmias have been assessed by sev- 
eral investigators. Usually supraventricular tachyar- 
rhythmias develop in the presence of severe hemody- 
namic decompensation and are associated with an in- 
creased risk of subsequent cardiac death.>°’ 

Unexpectedly, few studies have been performed on 
the significance of supraventricular tachyarrhythmias 
observed later, in the subacute phase of AMI. In previ- 
ous investigations, we showed that on hospital discharge 
after AMI, supraventricular tachyarrhythmias detected 
by 24-hour electrocardiographic recordings are associ- 
ated with complicated and large myocardial infarctions, 
and closely related to left ventricular dysfunction.?? The 
Coronary Drug Project Research Group found that 
supraventricular premature beats occurring early after 
hospital discharge are not associated with a higher long- 
term mortality rate.? In this study, however, arrhyth- 
mias were detected only by routine 12-lead electrocar- 
diograms. Because no systematic study has been per- 
formed to identify forms of late supraventricular 
tachyarrhythmias with prognostic and therapeutic im- 
portance, we assessed the incidence, characteristics and 
clinical import of supraventricular tachyarrhythmias oc- 
curring on hospital discharge after AMI. 


[: patients surviving an acute myocardial infarction 


METHODS 
Study population: Between November 1983 and 
June 1985, 399 consecutive patients with AMI were ad- 
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mitted to the coronary care unit of Galliera Hospital. 
The diagnosis of AMI was made in the presence of at 
least 2 of the 3 following conditions: typical prolonged 
chest pain, typical electrocardiographic changes (devel- 
opment of new Q waves or alteration in ST segment or 
T wave) and significant, serial increase in serum levels 
of creatine kinase and creatine kinase-MB isoenzyme. 

Before hospital discharge 71 (18%) patients died. 
Because of the presence of at least 1 of the following 
conditions, 114 (29%) survivors were excluded from fur- 
ther evaluation: age over 80 years; clinical signs of peri- 
carditis at the moment of arrhythmia detection (this 
complication alone could trigger supraventricular 
tachyarrhythmias)!°; congenital cardiac disease; 
congenital or acquired valvular disease: hypertrophic 
cardiomyopathy; ventricular preexcitation; previously 
demonstrated supraventricular tachyarrhythmias; pace- 
maker implantation due to severe in-hospital bradyar- 
rhythmias after AMI (3 patients underwent permanent 
cardiac pacing for second- or third-degree atrioventricu- 
lar block, 1 for sick sinus syndrome); and cardiac sur- 
gery before hospital discharge. 

Of the remaining 214 eligible patients, 5 (2.490) did 
not consent to this study; hence, 209 (98%) consecutive 
subjects were enrolled and evaluated prospectively. 
Their mean age was 58 + 10 years (range 28 to 80); 
171 were men. 

Data acquisition: The following clinical data and 
laboratory measurements were evaluated: age, sex, cor- 
onary risk factors (hypertension, cigarette smoking, dia- 
betes), previous history of coronary artery disease (angi- 
na pectoris at least 3 months before AMI, well-defined 
history of previous AMI), type of AMI (Q wave, non- 
Q-wave, reinfarction), electrocardiographic site of AMI 
(anterior when new Q waves developed in leads I, aVL, 
V; to V inferior when new Q waves developed in leads 
II, II, aVF; in 5 cases the site was considered indeter- 
minate due to the presence of a bundle branch block 
pattern), peak serum creatine kinase levels (in 192 pa- 
tients admitted to the hospital within 20 hours of the 
onset of symptoms),!! echocardiographic left atrial di- 
mension, left ventricular end-diastolic dimension and 
left ventricular end-systolic dimension (measured on av- 
erage 14 + 2 days after AMI in 201 patients; in the 
remaining 8, the echocardiographic visualization of car- 
diac structures was unsatisfactory), X-ray cardiothoracic 
ratio (14 + 2 days after AMI), radionuclide left ven- 
tricular ejection fraction at rest (23 + 6 days after AMI 
in 197 patients [94%]; in the remaining 12 patients data 
are not available because of technical problems or be- 
cause the studies were unsatisfactory), New York Heart 
Association functional class for congestive heart failure 
(16 + 3 days after AMI), ST-segment depression in- 
duced by a low-level exercise stress test (13 + 2 days 
after AMI in 180 patients [86%]; 13 patients older than 
75 years and 16 with overt heart failure did not take the 
test) and supraventricular and ventricular tachyarrhyth- 
mias (16 + 3 days after AMI). 

Serum creatine kinase levels and gated blood pool 
angiocardiography were obtained as previously de- 
Scribed.?!? The echocardiographic studies were per- 


formed with an Advanced Technology Laboratories 
Mark 300 mechanical sector scanner. We followed the 
measurement technique recommended by the American 
Society of Echocardiography.!? The low-level exercise 
stress test (symptom-limited or until the patient at- 
tained the target heart rate of 75% of maximal heart 
rate predicted on the basis of age) was performed ac- 
cording to the protocol of the Gruppo Italiano per la 
Valutazione Funzionale e la Riabilitazione del Cardio- 
patico.!^ In the presence of angina, an exercise-induced 
ST-segment depression of at least | mm was considered 
indicative of residual myocardial ischemia, while in the 
absence of angina, 2 mm of ST-segment depression was 
needed. Continuous 24-hour electrocardiographic re- 
cordings were obtained using a 2-channel portable elec- 
trocardiographic magnetic tape recorder (American Ed- 
wards Laboratories, model 3100). Two modified bipolar 
leads were utilized: CM; and CM,.5 Each tape was 
calibrated with a 1-mV signal. Electrocardiographic re- 
cordings were analyzed independently by 2 experienced 
cardiologists using an electrocardiographic analyzer 
(American Edwards Laboratories, model 5000) with a 
fiber optic device that uses light sensitive paper to pro- 
vide a hard copy report of the entire 24-hour test. First, 
arrhythmias and ST-segment changes were identified 
and manually quantified on the hard copy of the entire 
24-hour test. Then, samples of the events of interest 
were printed out at 25 mm/s for detailed analysis. 

Supraventricular tachyarrhythmias were classified 
according to the degree of complexity. Class 0 = no 
arrhythmia or <5 premature beats/hr; class 1 = be- 
tween 5 and 100 premature beats/hr; class 2 = >100 
premature beats/hr or repetitive premature beats; class 
3 = atrial or junctional tachycardia; class 4 = atrial 
flutter or fibrillation. Patients with <5 premature 
beats/hr were included in class 0, since this arrhythmic 
event alone is one of the most common electrocardio- 
graphic patterns in normal subjects.!5!6 Classes 2, 
J and 4 were defined as complex supraventricular 
tachyarrhythmias. In each patient, for statistical analy- 
sis, we considered the highest class of supraventricular 
tachyarrhythmias. ST-segment changes observed on the 
electrocardiographic recording were considered indica- 
tive of myocardial ischemia for the following: transient 
(lasting >1 minute) horizontal or downsloping ST-seg- 
ment depression 21.5 mm (compared with baseline) in 
the presence of angina, 22 mm in the absence of angi- 
na, and transient ST-segment elevation 21.5 mm (com- 
pared with baseline) in the presence of angina. 

During electrocardiographic recordings, serum elec- 
trolyte concentrations of each patient were within nor- 
mal limits; 34 (1696) patients were receiving drugs: 4 
digitalis, 8 digitalis and diuretics, 2 digitalis and quini- 
dine, 15 8-blocking or calcium antagonist agents and 5 
other antiarrhythmic drugs. 

Follow-up: All enrolled patients had clinical evalua- 
tion at 3 and 6 months after AMI and at 6-month inter- 
vals thereafter. At each follow-up, the following cardiac 
events and clinical variables were considered: acute pul- 
monary edema, New York Heart Association functional 
class for angina, nonfatal reinfarction, death, New York 


THE AMERICAN JOURNAL OF CARDIOLOGY MAY 1,1990 1065 


$a emi 314 3. GMT 
-————— ——— m- 








TABLE I Frequency and Characteristics of Atrial or 
Junctional Tachycardia and Atrial Fibrillation 





No. Epis.on Assoc 
24-hr Sympt 





Pts LongDur Highest VR ——— — — 
(n) (min) (beats/min) 1 <3 <5 P SB 


Atrial-junctional 23* 
tachycardia 
Atrial fibrillation 4* 30 


Arrhythmia 
















* Two patients had both atrial tachycardia and atrial fibrillation during 24-hour 
electrocardiographic recordings. 

Assoc. Sympt = associated symptoms, Long Dur = longest duration; No. Epis. on 
24-hr = number of episodes on 24-hour electrocardiographic monitoring; P = palpita- 
tions; SB = shortness of breath: VR = ventricular rate. 


Heart Association functional class for congestive heart 
failure, and use of digitalis and diuretics. Acute pulmo- 
nary edema was defined as abrupt onset of dyspnea and 
orthopnea, not preceded by signs or symptoms of myo- 
cardial ischemia, in patients who had chronic heart fail- 
ure. Death was classified as cardiac when it occurred 
suddenly (within 1 hour of the onset of symptoms with- 
out evidence of preterminal signs or symptoms of myo- 
cardial ischemia), when it was due to heart failure (in 
those patients who had disabling chronic heart failure 
with evidence of increasing heart failure before death) 
and when it was due to reinfarction (when preceded by 
typical prolonged chest pain). All information about 
death had to be obtained from the private physician, 
from family members or from the hospital charts of 
those patients who died in-hospital. 

Patients with cardiac surgery, noncardiac death and 
nonfatal reinfarction were excluded from statistical 
analyses of survival at the date of these events. The fol- 
low-up period was 24 months for each patient. No pa- 
tient was lost to follow-up. 

Statistical analysis: Continuous data are presented 
as mean + 1 standard deviation. Comparison among 
groups for qualitative data was performed by chi-square 
test and for quantitative data by 1-way analysis of vari- 
ance.!7 A 2-tailed p value <0.05 was considered signifi- 
cant. Patients classified as having supraventricular 
tachyarrhythmias class 4 were excluded from univariate 
analysis and the analysis of variance because there were 
only 4. Clinical characteristics and laboratory measure- 
ments of this group of patients were analyzed separate- 
ly. The analysis of variance was performed by pooling 
together patients with supraventricular tachyarrhyth- 
mias classes 2 and 3, because they were similar with 
regard to the continuous variables considered in the 
study. 

The ability of noninvasive data to predict the subse- 
quent clinical course during medical therapy indepen- 
dently and significantly (p <0.05) was assessed by Cox 
multiple regression analysis. Cox analysis was per- 
formed using all the variables related to the occurrence 
of supraventricular tachyarrhythmias. The survival 
curves were plotted as Kaplan-Meier curves!? and the 
differences between subgroups were tested with the 
Mantel-Haenszel test.) To determine the best cut-off 
limits for left ventricular ejection fraction, cardiotho- 
racic ratio and type of supraventricular tachyarrhyth- 
mias (by which to subdivide patients in subgroups with 
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significantly different risks of dying within 2 years) we 
used the discriminant analysis.! 


RESULTS 

Incidence and characteristics of supraventricular 
tachyarrythmias: Significant supraventricular tachyar- 
rhythmias occurred in 113 (54%) patients: 49 (23%) 
had between 5 and 100 premature beats/hr, 37 (18%) 
frequent (>100/hr) or repetitive premature beats, 23 
(11%) atrial or junctional tachycardia and 4 (2%) atrial 
fibrillation. During 24-hour electrocardiographic re- 
cordings, significant sinus node dysfunctions (sinus 
pauses and sudden brachycardia) were never detected, 
and no difference was observed in the distribution of the 
arrhythmic events during daily activity or sleep. Prema- 
ture beats often differed in the morphology and precoci- 
ty of P waves, and their increasing frequency was usual- 
ly associated with repetitiveness. Atrial or junctional 
tachycardia and atrial fibrillation were paroxysmal, 
transient, self-limiting and repetitive. Most of these ar- 
rhythmias were preceded by an increase in frequency, 
prematurity and complexity of ectopic activity. Their 
characteristics are summarized in Table I. 

Premature beats always developed in the absence of 
symptoms. Atrial or junctional tachycardia and atrial 
fibrillation were associated with symptoms in 6 of 27 
(22%) patients. Among these patients, 2 (both with se- 
vere left ventricular dysfunction) experienced shortness 
of breath: the first during the most prolonged bout of 
junctional tachycardia (22 minutes), the second during 
the most prolonged bout of atrial fibrillation (30 min- 
utes). 

No arrhythmia was associated with angina or ST- 
segment changes suggestive of myocardial ischemia on 
24-hour electrocardiographic recording. Treatment to 
suppress symptomatic arrhythmias was never needed. 

Clinical characteristics and laboratory data of pa- 
tients with supraventricular tachyarrhythmias: The 
clinical characteristics of patients with different forms 
of supraventricular tachyarrhythmias are listed in Table 
II. Univariate analysis showed that only age over 55 
years (p = 0.04) and the presence of complex ventricu- 
lar tachyarrhythmias (>20 premature beats/hr, repeti- 
tive premature beats or ventricular tachycardia) (p = 
0.02) were associated with an increased risk of develop- 
ing frequent repetitive supraventricular premature beats 
and atrial-junctional tachycardia. In particular, patients 
over 55 years of age had significantly lower left ventric- 
ular ejection fractions than the remaining patients (43.7 
+ 13 vs 54.3 + 15%; p = 0.001). No relation was found 
between the presence of ST-segment changes indicative 
of myocardial ischemia and the occurrence of supraven- 
tricular tachyarrhythmias on the low-level predischarge 
exercise test. When considering the clinical and electro- 
cardiographic data of the 4 patients with atrial fibrilla- 
tion, it appeared that its presence was associated with 
the poorest clinical conditions of our study population 
(Table II). 

The relation among continuous variables considered 
in this study and some selected forms of supraventricu- 
lar tachyarrhythmias was assessed by analysis of vari- 
ance (Table III). This statistical method showed that 





X/ 








Class O Class 1 
(n = 96) (n 2 49) 
Male (96) 88 82 
Age >55 years (%)* 46 65 
Cigarette smoking (96) 62 61 
Hypertension (95) 52 39 
Diabetes (96) 13 16 
Previous history of CAD 
Angina (96) 12 20 
MI (96) 17 8 
AMI type and site 
Q-wave 
Anterior (96) 32 41 
Inferior (%) 36 33 
Non Q wave (%) 12 16 
Reinfarction (%) 17 8 
Not identified (%) 3 2 
NYHA III to IV (96) 5 4 
Complex VTA (96)! 23 29 


| * p= 0.04 vs classes 2-3; t p = 0.02 vs classes 2-3. 





failure; VTA = ventricular tachyarrhythmias. 
See text for definition of tachyarrhythmia classes. 





TABLE Il Clinical Characteristics of Patients with Supraventricular Tachyarrhythmias 


Supraventricular Tachyarrhythmias 


Class 2 Class 3 Class 4 
(n= 37) (n = 23) (n » 4) 
70 74 100 
76 100 100 
76 48 25 
43 56 50 
22 22 50 

8 13 25 
19 9 75 
22 47 25 
48 35 0 

8 9 0 
19 9 75 

3 0 0 
13 9 75 
46 43 50 


AMI = acute myocardial infarction; CAD = coronary artery disease; MI = myocardial infarction; NYHA III to IV = New York Heart Association functional classes for congestive heart 


TABLE Ill Values of Continuous Variables of Patients with Supraventricular Tachyarrhythmias 


Supraventricular Tachyarrhythmias 


——————— —— aa 


Class O 


1,467 €1,115 
3745 
556 
3946 
53415 
0.46 + 0.04 
* For 1-way analysis of variance among classes 0, 1, and 2-3; 
vs class 0; 8 p = 0.04 vs class 1; ' p = 0.01 vs class 0; 1 p = 0.01 vs class 1. 


CPK = creatine kinase; CTR = cardiothoracic; LAD = left atrial 
ventricular end-systolic dimension; NS = not significant. 


Class 1 


1,588 + 892 
38+ 4 
546 
3945 
46 + 12+ 

0.48 + 0.04! 


CPK (U /liter) 
LAD (mm) 


LVEDD (mm) 
LVESD (mm) 
LVEF (%) 
CTR ratio 


left atrial dimension [p (F) = 0.03], cardiothoracic ratio 
[p (F) = 0.0003] and left ventricular ejection fraction 
[p (F) = 0.005] differed significantly among 3 groups 
of patients: those without significant supraventricular 
tachyarrhythmias, those who had between 5 and 100 
premature beats/hr and those with frequent repetitive 
premature beats or atrial-junctional tachycardia. In 
| these 3 groups of patients left atrial dimension and car- 
| diothoracic ratio increased progressively with the com- 
| plexity of supraventricular tachyarrhythmias, while left 
| ventricular ejection fraction decreased as the complexity 

of supraventricular tachyarrhythmias increased. In par- 

ticular, cardiothoracic ratio and left ventricular ejection 

fraction significantly differed within all 3 groups of pa- 
| tients. Left atrial dimension only differed within the 
first and third group. 

Laboratory measurements of the 4 patients with 
atrial fibrillation are listed in Table III. In these pa- 
tients the mean values of the variables considered in the 
study were the worst observed in the whole population. 

Morbidity and mortality related to supraventricular 
tachyarrhythmias: In the 2 years after AMI, 10 pa- 
tients had acute pulmonary edema, 22 had New York 
Heart Association functional classes III to IV for angi- 








Class 4 


2,052 + 467 
42+2 
61+5 
45+9 
27+4 

0.53 + 0.02 


Classes 2-3 


1,531 € 1,065 
39+ 5! 
56 + 6 
41+6 
41+ 125 

0.50 + 0.041 


patients in class 4 were not included in statistical analysis because there were only 4. t p = 0.01 vs class 0; * p = 0.03 


dimension; LVEDD = left ventricular end-diastolic dimension; LVEF = left ventricular ejection fraction; LVESD = left 


na (19 underwent coronary surgery) and 13 had a non- 
fatal myocardial reinfarction. Twenty-three patients 
were in New York Heart Association functional classes 
III to IV for congestive heart failure and 45 were taking 
digitalis and diuretics. The relation among such clinical 
variables and different forms of supraventricular 
tachyarrhythmias detected on hospital discharge is 
shown in Table IV. 

The occurrence of supraventricular tachyarrhyth- 
mias was not related to a subsequent higher risk of ma- 
jor coronary events. On the other hand, the presence of 
complex supraventricular tachyarrhythmias was associ- 
ated with a higher incidence of acute pulmonary edema 
(p = 0.003), New York Heart Association functional 
classes III to IV for congestive heart failure (p = 0.004) 
and a greater use of digitalis and diuretics (p = 0.003). 

During the follow-up period 23 (11%) patients died: 
4 (2%) of reinfarction, 9 (4.3%) of heart failure, 7 
(3.4%) suddenly and 3 (1.4%) of noncardiac causes. No 
relation was present between arrhythmia and type of 
death. Cardiac death occurred in 4 of 96 patients 
(4.2%) without significant supraventricular tachyar- 
rhythmias, in 4 of 49 (8%) with between 5 and 100 
premature beats/hr, in 6 of 35 (17%) with frequent re- 
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beats, in 3 of 22 (14%) with atrial- 
and in 3 of 4 (75%) with atrial 
fibrillation. In patients with complex supraventricular 
tachyarrhythmias, the cardiac mortality rate was 19.6% 
(12 of 61) compared to 5.5% (8 of 145) in those without 
it (p = 0.02). Survival curves showed that the probabili- 
ty of surviving 2 years was 79% in the former group and 


petitive premature 
junctional tachycardia 


94% in the latter (p = 0.002) (Figure 1). In these 2 
groups, the relative risk of dying was 2.1:1 and 0.56:1, 
respectively. 

To determine the independent importance of com- 
plex supraventricular tachyarrhythmias in the predic- 
tion of cardiac death, Cox survival analysis was per- 
formed using all the variables related to the occurrence 
of supraventricular tachyarrhythmias (age, complex 
ventricular tachyarrhythmias, cardiothoracic ratio, left 
ventricular ejection fraction and left atrial dimension), 
and also including complex supraventricular tachyar- 
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rhythmias. Only 2 variables predicted cardiac death in- 
dependently and significantly: left ventricular ejection 
fraction (p <0.0001) and cardiothoracic ratio (p = 
0.01). The survival curves for left ventricular ejection 
fraction and cardiothoracic ratio (Figure 2) showed that 
the probability of surviving 2 years was 56% in patients 
with left ventricular ejection fraction <30%, and 96% in 
the remaining patients (p <0.0001). It was 93% in the 
patients with cardiothoracic ratio of $0.50, and 77% in 
the others (p = 0.0006). 


DISCUSSION 

The significance and therapeutic management of su- 
praventricular tachyarrhythmias occurring in the late 
hospital phase of AMI are unresolved issues. They oc- 
cur frequently in postinfarction patients, yet very little is 
known about the clinical profile of patients with supra- 
ventricular tachyarrhythmias, the pathophysiologic 


SVTA 
Classes 8-1 


: SVTR 
43 Classes 2-4 


FIGURE 1. Survival curves for patients 


700 880 
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FIGURE 2. Survival curves for patients 
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Class O 
(n = 96) 


Acute pulmonary edema 0 
Angina (NYHA III to IV) 12 
NYHA III to IV 2 
Digitalis and diuretics 11 
Nonfatal reinfarction 8 
Cardiac death 
Heart failure 
Sudden 
Reinfarction 
Noncardiac death 


ONNO 


mechanisms involved in their genesis and the prognostic 
implications. Much of this uncertainty is due to the in- 
complete and noncomparable information provided by 
the few studies performed. Most have been done too 
early after the acute event (within the first week) or too 
late (after hospital discharge). Moreover, in these stud- 
ies, only particular forms of supraventricular tachyar- 
rhythmias were extensively investigated and only clini- 
cal variables determined at the bedside were used to as- 
sess the underlying clinical status. The electrocardio- 
graphic recordings used to detect arrhythmias were also 
very different in duration, as were the periods of follow- 
up.?22:23 

incidence and characteristics of supraventricular 
tachyarrhythmias in the late hospital phase of myocar- 
dial infarction: Significant supraventricular tachyar- 
rhythmias occurred in 54% of patients: 41% had prema- 
ture beats alone, 11% paroxysmal atrial or junctional 


. tachycardia and 2% paroxysmal atrial fibrillation. Our 
| frequencies are similar to those reported in other inves- 


tigations in which continuous electrocardiographic 
recordings were performed in similar periods after 


= AMI.^) No arrhythmia was associated with ST-seg- 


ment changes suggestive of myocardial ischemia on the 
24-hour electrocardiographic recording and the occur- 
rence of supraventricular tachyarrhythmias was not de- 
pendent on the biorhythm of sleep. This suggests that in 
patients with a recent AMI neither transient myocardi- 
al ischemia occurring during in-hospital daily activity, 
nor neurovegetative influences should be involved in the 
genesis of supraventricular tachyarrhythmias. 
Premature beats always occurred in the absence of 
symptoms and their increasing frequency or repetitive- 
ness predicted generally well the development of more 
complex forms of supraventricular tachyarrhythmias. 
This is in agreement with data reported by Fluck et al”? 
in the first week after AMI. Atrial or junctional tachy- 
cardia and atrial fibrillation were always transient, self- 
limiting and frequently repetitive. They were associated 
with symptoms in 22% of patients, but their occurrence 
was never responsible for the onset of important adverse 
clinical manifestations, and treatment for their suppres- 
sion was never needed. This is probably due to the rela- 
tively good characteristics of such arrhythmias, which 


Supraventricular Tachyarrhythmias 


Class 1 
(n= 49) 


Abbreviations as in Table II. 

















1 2 

2 1 0 

8 5 3 

12 12 3 
2 1 0 

3 1 3 

3 0 0 

0 2 0 

2 1 0 


are always short in duration and have a relatively low 
ventricular rate. 

Clinical features and laboratory measurements of 
patients with supraventricular tachyarrhythmias: The 
results of the present investigation show that different 
forms of supraventricular tachyarrhythmias are clearly 
associated with the patient’s distinct clinical conditions 
and distinct degrees of anatomic and functional myo- 
cardial impairment. In particular, our data indicate that 
the higher the complexity of supraventricular tachyar- 
rhythmias, the worse the left ventricular function, and 
predischarge exercise-induced myocardial ischemia does 
not influence the development of such arrhythmias. 

Univariate analysis showed that frequent repetitive 
premature beats and atrial-junctional tachycardia were 
more likely to develop in those patients older than 55 
who also had significantly lower values of left ventricu- 
lar ejection fraction and complex ventricular tachyar- 
rhythmias, which are known to be associated with poor 
underlying clinical conditions and impaired left ventric- 
ular function.?^?6 The analysis of variance showed that 
the increasing complexity of some selected forms of su- 
praventricular tachyarrhythmias was closely associated 
with distinct and progressively worsening values of car- 
diac size and left ventricular ejection fraction. More 
specifically, patients without significant supraventricu- 
lar tachyarrhythmias showed normal cardiac size and 
left ventricular function, those with between 5 and 100 
premature beats/hr normal cardiac size and moderate 
left ventricular dysfunction, and those with frequent re- 
petitive premature beats or atrial-junctional tachycardia 
moderate cardiac enlargement and mild left ventricular 
dysfunction. In addition, the 4 patients with atrial fibril- 
lation showed the largest cardiac dimension and the 
poorest left ventricular function. Although this group 
was too small to be included in analysis of variance, the 
large differences in the variables of interest observed in 
these and in the remaining patients reasonably allow us 
to consider them as a distinct group, characterized by 
the most severe cardiac deterioration. 

Prognostic value of supraventricular tachyarrhyth- 
mias: By the end of the 2-year follow-up, we found that 
complex supraventricular tachyarrhythmias detected in 
the late hospital phase of AMI predict a significant 2- 
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year increased combined risk of morbidity from conges- 
tive heart failure and mortality from cardiac causes. 
However, even if such arrhythmias were significantly 
associated with a lower survival rate (79 vs 94%) and a 
4-times higher relative risk of dying, Cox multiple re- 
gression analysis showed that only left ventricular ejec- 
tion fraction and cardiothoracic ratio were significantly 
and independently related to cardiac death. The best 
cut-off limits for left ventricular ejection fraction and 
cardiothoracic ratio by which to subdivide patients with 
the highest risk of dying were 30% and 0.50, respective- 
ly. These findings, together with the previously shown 
association of complex supraventricular tachyarrhyth- 
mias to left ventricular dysfunction," seem to exclude 
the possibility that in patients with a recent AMI such 
cardiac rhythm disorders may themselves predict or de- 
termine a poorer prognosis independently from some se- 
lected variables indicative of the severity of intrinsic 
cardiac disease, which in turn relate to the presence and 
complexity of supraventricular tachyarrhythmias. Thus, 
left ventricular dysfunction seems to be the underlying 
cause of supraventricular tachyarrhythmias and the 
most important determinant of cardiac death. 

Clinical implications: Although supraventricular 
tachyarrhythmias are associated with more severe car- 
diac disease, their occurrence is never responsible for 
the onset of important adverse clinical manifestations. 
There is evidence to consider left ventricular dysfunc- 
tion as the most important factor involved in the genesis 
of significant predischarge supraventricular tachyar- 
rhythmias. In addition, although complex supraventric- 
ular tachyarrhythmias are associated with a lower prob- 
ability of surviving 2 years after AMI, they do not pre- 
dict a higher risk of cardiac death independently of the 
severity of intrinsic cardiac disease. These observations 
suggest some important clinical considerations. In the 
late hospital phase of AMI a careful detection not only 
of ventricular arrhythmias but also of supraventricular 
tachyarrhythmias, should be performed since their oc- 
currence may suggest underlying cardiac dysfunction. If 
complex supraventricular tachyarrhythmias are ob- 
served, myocardial dysfunction should always be ascer- 
tained, and eventually medically treated. Treatment of 
myocardial dysfunction could lead to a better result 
than antiarrhythmic therapy (which has negative ino- 
tropic effects), and should be the first therapeutic inter- 
vention in all patients with supraventricular tachyar- 
rhythmias complicated by symptoms. 
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Comparison of Contrast Angiography and 
Two-Dimensional Echocardiography 
for the Evaluation of Left Ventricular 
Regional Wall Motion Abnormalities 

After Acute Myocardial Infarction 


Craig Lundgren, MD, Patrick D.V. Bourdillon, MD, James C. Dillon, MD, 
and Harvey Feigenbaum, MD 


Regional left ventricular wall motion abnormalities 
were assessed using 2-dimensional echocardiogra- 
phy and contrast ventriculography within 12 hours 
of the onset of chest pain in 20 patients with acute 
myocardial infarction (AMI); 10 patients had ante- 
rior infarctions and 10 had inferior. End-diastolic 
and end-systolic sinus beats from right anterior 
oblique contrast ventriculograms were analyzed 
using the center-line chord technique with both a 
standard overlap method of chord assignment and 
a nonoverlap method. Echocardiograms were ob- 
tained in parasternal long- and short-axis and 
apical 2- and 4-chamber views and analyzed using 
a 16-segment scoring system to derive anterior and 
infero-posterolateral wall motion indexes using 
both overlap (10 segments for anterior, 8 inferior) 
as well as nonoverlap (9 segments anterior, 7 infe- 
rior) methods of segment assignment. There was a 
significant inverse correlation between the stan- 
dard (nonoverlap) echocardiographic analysis and 
the standard (overlap) angiographic analysis for 
infarct regions (y = —0.43 X + 1.11, r = —0.59, 

p <0.05). Fifteen of 18 patients with angiographic 
infarct regional score <—1 standard deviation/ 
chord had an echocardiographic index >1.5, while 
15 of 16 patients with echocardiographic regional 
infarct index >1.5 had an angiographic score <—1 
standard deviation/chord. Correlation between the 
2 methods for noninfarct territories was poor (r — 
—0.34) because the angiographic method assesses 
hyperkinesis while the echocardiographic method 
does not. For noninfarct regions, 13 of 16 patients 
with an angiographic score >—1 standard devi- 
ation/chord had an echocardiographic index «1.5, 
while 13 of 15 patients with an echocardiographic 
regional index of «1.5 had an angiographic score 
>—1 standard deviation/chord. In comparing over- 
lap and nonoverlap methods, significant differences 
were found for noninfarct regions but not for 
infarct regions for both echocardiographic and 
angiographic analyses. Data indicate that 2- 
dimensional echocardiography, which is non- 
invasive and more easily repeatable for serial 





studies, yields similar results to contrast 
angiography for the assessment of regional wall 
motion abnormalities after AMI. 

(Am J Cardiol 1990;65:1071-1077) 


of left ventricular (LV) wall motion abnormalities 

after myocardial infarction, including 2-dimen- 
sional echocardiography,! radionuclide angiography“ 
and cineangiographic or digital contrast angiography.5- 
The most widely used echocardiographic technique in- 
volves division of the left ventricle into multiple seg- 
ments, which are subsequently scored based on wall mo- 
tion abnormalities ranging from normal to hypokinesia 
or dyskinesia. Most echocardiographers have derived a 
global wall motion index from this type of segmental 
analysis. Regional wall motion analysis can also be per- 
formed based on dividing wall segments into subgroups 
such as anterior, inferoposterior, lateral and apical re- 
gions. Recently, Bourdillon et al!? have described a 
new method of regional analysis dividing 16 segments 
into anterior (9 segments) and infero-posterolateral (7 
segments) regions to derive regional indexes for these 
segment subgroups. These regional indexes allow identi- 
fication of infarct regions and differentiation between 
infarct and noninfarct regions, which is not possible 
with the global wall motion index previously used.! 
These investigators also described an overlap method in 
which an additional apical segment was assigned to the 
infarct segment for both anterior (10 segments) and in- 
fero-posterolateral (8 segments) infarct regions. Use of 
the overlap regional indexes made possible greater dif- 
ferentiation between infarct and noninfarct segments 
with a noninfarct regional index closer to normal than 
when a fixed division between anterior and infero-pos- 


Y J arious methods are available for quantification 
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terolateral regions were used, although no significant 
difference was seen in the infarct regional index.!° 

Because of the similarities between this new echo- 
cardiographic method of regional analysis and the cen- 
ter-line chord method described by Sheehan et al for 
contrast angiography,°° we have compared the 2 meth- 
ods for the analysis of regional function in 20 patients 
with acute myocardial infarction (AMI). 


METHODS 

Patients with AMI as previously described!.'? were 
chosen based on 230 minutes of chest pain and 21 mm 
ST-segment elevation in the anterior, inferior or antero- 
lateral leads. Echocardiograms were obtained as part of 
a study assessing the changes in LV function after re- 
perfusion immediately before or within 6 hours of reper- 
fusion. These patients also had contrast ventriculograms 
during cardiac catheterization, which was performed 
within 6 hours of the onset of chest pain either for as- 
sessment of coronary anatomy after thrombolytic thera- 
py, or as part of an invasive procedure involving percu- 
taneous transluminal coronary angioplasty in 16 cases. 
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FIGURE 1. Schematic representation of 16-segment regional 
wall motion analysis by 2-dimensional echocardiography. 
Shaded areas represent segments in anterior region (non- 
overlap), while unshaded segments represent infero- 
posterolateral region. For overlap method, apical inferior seg- 
ment is included in anterior region for anterior infarcts and 
apical lateral segment is included in infero-posterolateral re- 
gion for inferior infarcts. ANT = anterior; INF = inferior; INF- 
LAT = inferolateral; LAT = lateral; LAX = parasternal long 
axis; POST = posterior; SAX = parasternal short axis; SEPT 
= septum; 4C = apical 4-chamber; 2C = apical 2-chamber. 
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Eleven patients chosen for this study had been involved 
in studies by Bourdillon et al!-!° in which serial echocar- 
diograms up to 7 days after infarction were analyzed. In 
this study, only the initial echocardiogram obtained 
within 12 hours of chest pain (or within 6 hours of re- 
perfusion if this was achieved) was used for the analysis, 
since this was performed close to the time of the con- 
trast ventriculogram. 

Of the 20 patients with AMI, 10 had anterior wall 
infarcts by electrocardiographic criteria and 10 had in- 
ferior infarcts. Three patients had had previous infarc- 
tions. Thirteen of 20 patients received t-PA thrombo- 
lysis and 3 received streptokinase. Of these 16 patients, 
12 also underwent percutaneous transluminal coronary 
angioplasty. Four patients underwent percutaneous 
transluminal coronary angioplasty alone. 

Echocardiograms were obtained using a phased- 
array sector scanner with a 2.5-MHz transducer (Hew- 
lett-Packard, model 7702A), or a mechanical sector 
scanner with a 3.5-MHz anular-array transducer (Ad- 
vanced Technology Laboratories, Ultra-Mark 8). Each 
echocardiographic study, as previously described, '.!? 
consisted of parasternal long- and short-axis views and 
apical 2- and 4-chamber views (Figure 1). Echocardio- 
grams were acquired, stored and coded for blinded anal- 
ysis by 1 of the investigators (PB). Endocardial excur- 
sion was assessed with the aid of a calibrated 5 mm 
reference circle (Data Vue, Nova-Microsonics). Region- 
al wall motion abnormalities were assessed by a wall 
motion score generated from analysis of 16 left ventric- 
ular wall segments. Generated scores were based on the 
following: 1 for normal (25 mm excursion); 2 for hypo- 
kinesis (2 to 5 mm excursion); 3 for akinesis (<2 mm 
excursion); and 4 for dyskinesia. These excursion crite- 
ria were used as general guidelines and, when possible, 
wall thickening and changes in the curvature of a seg- 
ment were also taken into account when generating a 
segment score. 

The anterior echocardiographic region included the 
following 9 segments (Figure 1): basal anterior; basal 
septal; basal anterior septal; midanterior septal; midsep- 
tal; apical septal; midanterior; apical anterior; and api- 
cal lateral. The infero-posterolateral region included the 
following 7 segments: apical inferior; midlateral; midin- 
ferior; basal inferior; midposterior; basal posterior; and 
basal lateral. For the overlap method, the apical inferior 
segment was included in the anterior region instead of 
the inferior region for anterior infarctions, while the in- 
ferior overlap region included the apical lateral segment 
for inferior infarctions. 

Regional indexes were calculated as an average of 
all the scores in the segment subgroups (100% method). 
They were also calculated as an average of the 5 worst 
scores in the anterior region for anterior infarctions or 
the 4 worst scores in the inferior region for inferior in- 
farctions (50% method). 

Contrast ventriculography was performed using di- 
rect contrast injection into the left ventricle in the 30? 
right anterior oblique projection and by using 60 
frames/s cine ventriculography (Philips Poly Diagnost 
C). Only sinus beats were used for analysis. End-systol- 





ic and end-diastolic images were digitized into 512 X 
512 8-bit matrices with a cine projector (General Elec- 
tric, model CAP-35B) equipped with a video camera 
and video-to-digital converter (ADAC Laboratories 
DTV 4112). Acquired images were stored in a digital 
computer (ADAC Laboratories 4100C). Left ventricu- 
lar borders were traced by 1 of us with a light pen start- 
ing from the left side of the aortic root and ending at 
the right side of the aortic root; regional analysis was 
carried out by the previously described center-line chord 
method.* A computer-generated center line was 
drawn between superimposed end-diastolic and end-sys- 
tolic outlines. One hundred equally spaced chords were 
then defined perpendicular to this center line joining the 
2 outlines (Figure 2). For the nonoverlap method of 
chord distribution, chords 11 to 58 defined the anterior 
region and chords 59 to 80 defined the inferior region. 
For the overlap method, with anterior infarction chords 
11 to 66 defined the anterior region and chords 67 to 80 
defined the inferior region, while for inferior infarctions, 
chords 51 to 80 defined the inferior region and chords 
11 to 50 defined the anterior region. 

Two methods were used for calculation of regional 
wall motion indexes by angiography. First, the severity 
of hypokinesis at the infarct site was calculated as an 
average motion lying in the most hypokinetic 5096 of the 
infarct artery region as previously described, 6 while for 
the noninfarct region the most hyperkinetic 5096 was 
identified. Second, wall motion indexes were calculated 
as an average motion along the entire (10096) infarct 
artery region, since this approximated more closely in 
methodology the 100% echocardiographic method used 
for regional analysis. For each chord, a dimensionless 
shortening fraction was derived by dividing the motion 
at the chord by the end-diastolic perimeter.? Generated 
indexes for each region were expressed in standard devi- 
ations/chord from the mean motion of 52 stored normal 
ventriculograms.? 

Statistics: Differences in wall motion indexes were 
compared using Pearson correlation coefficients. Statis- 
tical significance between correlation coefficients was 
tested using Z-transformation of correlation coefficients 
with chi-square analysis.! Means and standard devi- 
ations were completed for wall motion indexes and dif- 
ferences in means between the 2 echocardiographic and 
the 2 angiographic methods were assessed statistically 
by means of a paired t test. 


RESULTS 

Mean echocardiographic segment scores subdivided 
according to anterior and inferior infarcts are shown in 
Figures 3A and 3B. For patients with anterior infarc- 
tions (Figure 3A), the segments most severely affected 
include the following anterior regions: basal anterior; 
basal septal; basal anterior septal; midanterior septal; 
midseptal; apical septal; midanterior; apical anterior; 
and apical lateral. Although the anterior apical segment 
is most severely affected, the apical inferior segment is 
clearly affected in some anterior infarctions and is 
therefore included in the anterior region for the overlap 
method. 





For inferior infarctions (Figure 3B), the main seg- 
ments involved include the following: basal lateral; basal 
posterior; midlateral; basal inferior; midinferior; midlat- 
eral; and apical inferior segments, although the apical 
lateral segment is also clearly affected in some patients 
and is therefore included in the infero-posterolateral re- 
gion for the overlap method. 

The correlation between pooled anterior and inferior 
echocardiographic indexes using 10096 of the involved 
infarct regions (nonoverlap) and the standard center- 
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FIGURE 2. Center-line method of regional wall motion analy- 
sis. Example of patients with anterior infarction (A) and inferi- 
or infarction (B). Motion is measured along 100 chords drawn 
perpendicularly to center line. Chords 81 to 100 are excluded 
from analysis secondary to mitral valve involvement. Chords 
11 to 58 are defined as anterior nonoverlap region; chords 11 
to 66 anterior overlap region; chords 59 to 80 inferior non- 
overlap; and chords 51 to 80 inferior overlap region. Mean 
motion of normal (NORM) ventriculogram group is represent- 
ed as solid horizontal line. Regional wall motion expressed as 
standard deviations (SD)/chord from NORM subgroup. Angio- 
graphic index is expressed as most severely 

affected 50% of infarct region and the most hyperkinetic 
(HYPR) 50% of noninfarct region. ANT = anterior; HYPO = 
hypokinetic; INF = inferior. 
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line angiographic technique (minimum 50% overlap) for 
determining wall motion indexes are shown in Figure 
4A. There was a significant correlation between the 2 
methods (y = —0.43 X +1.11, r = —0.59, p <0.05). No 
significant differences were observed using chi-square 
analysis between correlation coefficients when indexes 
were subdivided into anterior and inferior infarction 
groups. 

There was a poor correlation for noninfarct regions 
between the standard echocardiographic (100%) index- 
es and angiographically generated (50%) overlap index- 
es (y = —0.06 X +1.34, r = —0.34, Figure 4B). Again, 
no significant differences were observed when non- 
infarct segments were subdivided into anterior and infe- 
rior infarction groups. 

For infarct regions, 15 of 18 patients with an angio- 
graphic score <—1 standard deviation/chord had an 
echocardiographic index 21.5, while 15 of 16 patients 
with echocardiographic index 21.5 had an angiographic 
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score €—1 standard deviation/chord, as indicated by 
the dashed lines in Figure 4A. For noninfarct regions, 
13 of 16 patients with an angiographic score >—1 stan- 
dard deviation/chord had an echocardiographic index 
«1.5, while 13 of 15 patients with an echocardiographic 
index «1.5 had an angiographic score >—1 standard 
deviation/chord (Figure 4B). 

Significant differences were found in comparing 
echocardiographic noninfarct overlap with nonoverlap 
segments (1.20 + 0.34 vs 1.30 + 0.33, p «0.05). Simi- 
lar differences existed for angiographic nonoverlap and 
overlap segments for noninfarct segments (—0.99 + 
1.27 vs 0.07 + 1.6, p <0.05). Mean echocardiographic 
100% indexes for the overlap (2.01 + 0.65) and non- 
overlap (2.13 + 0.65) infarct regions were not signifi- 
cantly different (p = 0.26). No differences were found 
between echocardiographic overlap (2.54 + 0.80) and 
nonoverlap 50% (2.50 + 0.77) indexes (p = 0.10), al- 
though these were higher than the 100% indexes (p 








































. <0.05). Angiographic 100% indexes (—1.84 + 0.73 diographic method (nonoverlap) with the angiographic — 
standard deviation/chord, overlap vs —2.0 + 0.77 stan- minimum 50% (overlap) methods has been given be- — 
dard deviation/chord, nonoverlap, p <0.01) were also cause these are likely to be the most frequently used — 

less abnormal than 50% indexes (—2.34 + 0.87 stan- methods for routine use with these techniques. a 

dard deviation/chord, overlap vs —2.52 + 0.72 standard NC. 

deviation/chord nonoverlap, p = NS). No significant DISCUSSION 

differences were found in correlation coefficients be- In this study we have shown that there is a signifi- | 

tween these various echocardiographic and angiograph- cant correlation between echocardiography and angiog- 

ic methods. The correlation between the 10096 echocar- raphy for regional wall motion analysis in this group of 
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FIGURE 4. Correlation between echocar- 
diographic (ECHO) and contrast indexes 
for patients with evolving inferior and an- 
terior infarctions in infarct regions (A) and 
noninfarct regions (B). Dashed lines divide 
patients into groups with echocardio- 
graphic index > and <1.5 and angio- 
graphic index > and <—1.0 standard 
deviation (SD)/chord. 
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20 patients with AMI. This study elaborates on and 
confirms the utility of echocardiography for evaluation 
of LV function after AMI as previously reported. !?.10.!? 

Echocardiography offers several advantages over an- 
giography in the AMI setting. Echocardiography is a 
noninvasive and easily repeatable method for assess- 
ment of LV wall motion changes in all ventricular seg- 
ments. Echocardiographic indexes in this study were de- 
rived from analysis of 16 different ventricular segments. 
Although analysis of segments has varied in number 
from 5!? to 20!^, echocardiographically generated in- 
dexes from multiple segments are likely to provide a 
more accurate assessment of wall motion abnormalities 
than angiographic indexes, which are typically derived 
from a single angiographic projection, the right anterior 
oblique view, which does not allow for visualization of 
the septum and the posterior wall. Biplane ventriculog- 
raphy may be superior to single-plane ventriculography 
in providing additional information on the location and 
severity of segmental wall motion abnormalities, but bi- 
plane ventriculography is not routinely performed and 
for serial analysis of regional function after infarction, 
biplane angiography has been shown to offer little bene- 
fit over single-plane 30? right anterior oblique ventric- 
ulograms.'? 

The correlation between echocardiographically gen- 
erated indexes and angiographic indexes were some- 
what lower than anticipated. Several reasons may ac- 
count for the relatively poor correlation. First, the angi- 
ographic indexes are based on standard deviations from 
the mean motion index from 52 normal ventriculo- 
grams, while echocardiographic indexes are actual 
scores based on abnormal ventricular wall motion. Sec- 
ond, the echocardiographic indexes do not reflect hyper- 
kinetic segments that may be found in noninfarct seg- 
ments while the angiographic indexes do reflect hyper- 
kinesis in noninfarct regions (50% maximum), resulting 
in a lack of correlation between angiographic scores and 
echocardiographic indexes for noninfarct regions. Third, 
when limited to the right anterior oblique view, the an- 
giographic indexes do not take into account the septum 
and posterior wall which are included in the echocardio- 
graphic analysis. Finally, the contrast ventriculograms 
and echocardiograms were not performed at identical 
times. However, since they were performed within 6 
hours of each other, differences resulting from this are 
unlikely to be great. 

Subdivision of the left ventricle into anterior and in- 
ferior regions by contrast ventriculography has been ex- 
tensively described for evaluation of ventricular function 
after AMI and reperfusion.^? The use of the angio- 
graphic overlap and nonoverlap methods as described 
by Sheehan et al>° did not reveal in this study a signifi- 
cant difference between the 2 methods for the most se- 
vere 50% infarct artery territory, whereas there was a 
significant difference for noninfarct regions. Similarly, 
for the echocardiographic indexes, there was no signifi- 
cant difference between the overlap and nonoverlap 
methods for the infarcted regions, although differences 
were significant for noninfarct regions. This is in agree- 
ment with Bourdillon et al'? who studied echocardio- 
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graphic changes over time in 23 patients with AMI, in- 
cluding 11 of the patients in this study. 

Use of the overlap method more effectively distin- 
guishes noninfarct from infarct regions but may be of 
limited value in situations where the coronary anatomy 
is unknown. For anterior regions affected by document- 
ed left anterior descending artery occlusions and infero- 
posterolateral regions affected by a right coronary ar- 
tery or circumflex occlusion, use of the overlap method 
may be appropriate. For the patient in whom the coro- 
nary anatomy remains unknown, it would be more rea- 
sonable to use the predefined (nonoverlap) anterior and 
inferoposterolateral division. This applies to both con- 
trast and echocardiographic methods and may be par- 
ticularly applicable for patients undergoing stress echo- 
cardiography at which time the coronary anatomy is 
usually not known. 

Limitations: Since only a single contrast ventriculo- 
gram was performed in these patients, it is not possible 
to assess the relative value of contrast ventriculography 
and echocardiography in evaluating serial changes in 
LV function after reperfusion therapy for AMI. For 
such a comparison, both contrast and echocardiography 
would need to be repeated to compare changes with 
time and to correlate these changes with other clinical 
parameters such as myocardial infarct size measured by 
enzymatic changes. Although the patients in this study 
did have repeat echocardiograms, they did not have re- 
peat contrast ventriculograms so that these follow-up 
data are not available. 

Only patients with adequate echocardiograms and 
contrast ventriculograms were analyzed for this study, 
which does not address the problem of inadequate stud- 
ies by either method. It is acknowledged that in a small 
proportion of patients, technically adequate echocardi- 
ography studies cannot be obtained, while on the other 
hand, contrast ventriculography sometimes results in ec- 
topy or ventricular tachycardia to such an extent that a 
sinus beat cannot be analyzed. Furthermore, in very ill 
patients with shock or failure, contrast ventriculography 
can be hazardous. 
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Diagnostic Value of Ambulatory Holter 


Monitoring for the Detection of Coronary Artery 
Disease in Patients with Variable Threshold 
Angina Pectoris 


Eike Hoberg, MD, Bernd Kunze, RA, Sabine Rausch, RA, Jochem Kónig, BSc, 
Helmut Schafer, PhD, and Wolfgang Kubler, MD 





Patients with chronic stable angina pectoris may 
present with either fixed or variable threshold 
symptoms. To evaluate the diagnostic value of 
ambulatory Holter monitoring for the detection of 
coronary artery disease (CAD) in patients with 
variable threshold angina, 216 consecutive candi- 
dates for coronary angiography were investigated 
prospectively. For comparison, a group of 55 con- 
secutive patients with fixed threshold angina was 
studied under the same conditions. Patients with 
prior myocardial infarction or angiographically doc- 
umented CAD were excluded. Within 4 months of 
Holter monitoring, the advised coronary angiogra- 
phy was performed in 77% of the patients with 
variable threshold angina and in 89% of the pa- 
tients with fixed threshold angina (p <0.05). The 
prevalence of CAD was markedly lower in patients 
with variable threshold angina compared to pa- 
tients with fixed threshold angina (54 vs 90%, p 
<0.001). CAD patients of both subgroups, how- 
ever, did not differ significantly with respect to the 
number of obstructed vessels, the Gensini coronary 
score, the number with impaired left ventricular 
function (ejection fraction <50%) or the duration of 
ischemic episodes during Holter monitoring. 

Diagnostic accuracy of Holter monitoring did not 
differ between variable and fixed threshold angina 
groups (67 vs 78%). In 91% of the patients results 
obtained by Holter monitoring could be compared 
to the results of a bicycle stress test. In patients 
with fixed threshold angina the diagnostic accuracy 
was similar for both tests (80 vs 80%). In patients 
with variable threshold angina, the diagnostic accu- 
racy of Holter monitoring exceeded that of the ex- 
ercise stress test (68 vs 55%, p «0.01). 

Thus, due to the high prevalence of CAD in 
these patients, information from both Holter moni- 
toring and exercise electrocardiography is of limit- 
ed value in patients with fixed threshold angina, de- 
spite the high diagnostic accuracy of the tests. In 
patients with variable threshold angina, however, a 
significantly lower prevalence of CAD enhances the 
diagnostic value of Holter monitoring, whereas the 
information from conventional exercise electrocar- 
diography remains limited, due to a low sensitivity 
and a low specificity. 

(Am J Cardiol 1990;65:1078-1083) 
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provides a suitable method for the detection of 

unprovoked ischemic episodes in different pa- 
tient populations.!-^ Rubidium scintigraphy! and hemo- 
dynamic monitoring??? have shown that even asymptom- 
atic episodes of ST-segment deviation 20.1 mV repre- 
sent transient myocardial ischemia in patients with 
coronary artery disease (CAD). The diagnostic accura- 
cy of Holter monitoring for the detection of CAD in 
symptomatic patients with unknown coronary morphol- 
ogy is not yet established; however, the results of the 
few published studies are rather controversial.>-'° Sensi- 
tivity differed between 61 and 90% and specificity be- 
tween 61 and 91% in different studies. These variations 
may be due to differences in the populations studied, 
although in all studies ambulatory patients with clini- 
cally stable angina pectoris were investigated. These 
patients may either present with exclusively exercise- 
induced symptoms on a relatively constant level (fixed 
threshold angina), or they may have symptoms that are 
provoked at varying levels of activity, including occa- 
sional angina at rest (variable threshold angina).!! It 
seems conceivable that the diagnostic accuracy of 
Holter monitoring may be different in these 2 groups of 
patients with stable angina. The variations in sensitivity 
and specificity in different studies can then be explained 
by differences in the study populations. 

In fixed threshold angina, increased oxygen demand 
in the presence of a fixed obstruction represents the 
pathophysiologic basis of the ischemic symptoms. In 
variable threshold angina dynamic obstruction by vaso- 
constriction superimposed on a fixed stenotic lesion is 
assumed to provoke myocardial ischemia.’ For the iden- 
tification of ischemic episodes independent of physical 
exercise, Holter monitoring may be expected to be more 
suitable than exercise stress tests. We therefore deter- 
mined the diagnostic value of Holter monitoring com- 
pared to the bicycle stress test for the detection of CAD 
in patients with variable and fixed threshold angina. 


U: of ST-segment analysis on Holter monitoring 
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Threshold Angina 


Age (yrs) 
Men (%) 
Weight men (kg) 

Weight women (kg) 

Angina at rest only (%) 

Angina at rest for 21 year (%) 

Diabetes mellitus (96) 

Cerebral, peripheral arterial disease (76) 
Systemic hypertension (976) 

Cigarette smoking (96) 

Angina sensitive to short- aries nitrates (%) 


TABLE I Comparison Between 90 Patients With and 76 Patients Without Coronary Artery Disease, All Presenting With Variable 





+10 81+10 
+16 64+6 NS 
12 <0.05 
58 <0.01 
7 NS 
11 NS 
41 NS 
S e 


TABLE Il Diagnostic Value of Holter Monitoring and Exercise Electrocardiography in 152 Patients with Variable Threshold Angina, 


Who Underwent Coronary Angiography 


Sensitivity (96) 

Specificity (96) 

Positive predictive value (96) 
Negative predictive value (96) 
Accuracy (96) 


72 (61-81) 
63 (51-75) 


Numbers in parentheses are confidence intervals. 
Abbreviation as in Table l. 


METHODS 

Patients with variable threshold angina: Candidates 
for inclusion in the study were all patients admitted 
with chest pain suggestive of CAD between April 1, 
1985, and December 31, 1987. Variable threshold angi- 
na is defined as angina pectoris not strictly related to 
physical or mental stress and lasting for «15 minutes. 
Symptoms had to be constant for the last 3 months. An 
experienced cardiologist had advised coronary angiogra- 
phy to all patients. Exclusion criteria consisted of angio- 
graphically proven CAD (>70% stenosis of at least 1 
major coronary vessel), prior myocardial infarction, un- 
stable angina pectoris, cardiomyopathy and valvular 
heart disease. Exclusion criteria related to the electro- 
cardiogram were ST-segment depression 20.1 mV in 
lead Vs, digitalis within the last 4 weeks, atrial fibrilla- 
tion and left bundle branch block. All patients gave in- 
formed consent to participate in the study. 

Of 220 recruited patients 4 had to be excluded, 2 
because of insufficient quality of Holter recordings and 
2 because of intermittent left bundle branch block. In 
another 50 patients the advised coronary angiography 
was not performed within 4 months; these patients were 
also excluded from the study. The remaining 166 pa- 
tients had a mean age of 54 + 8 years, and 73% were 
men. 

Patients with fixed threshold angina: Patients with 
fixed threshold angina were enrolled between July 1, 
1986, and December 31, 1987. Fixed threshold angina 
was defined as anginal pain exclusively induced by 
physical stress. Symptoms had to be constant for the 
last 3 months. Exclusion criteria were identical to those 


52 (41-63) 
58 (45—69) 





for patients with variable threshold angina. Fifty-five 
patients entered the study. All Holter recordings were 
of sufficient quality for ST-segment analysis. In 6 pa- 
tients coronary angiography was not performed within 4 
months; these patients were excluded. 

Holter monitoring: Frequency-modulated 24-hour 
Holter monitoring of leads CM; and CC; was started 
on the same day on which coronary angiography was 
advised to the patient. Antianginal therapy was limited 
to short-lasting nitrates on demand. The Holter record- 
ings (Oxford Medilog 2-FM) were analyzed by the use 
of ST-segment trend recordings, as described earlier.'? 
ST-segment elevations and horizontal or downsloping 
ST-segment depressions of 20.1 mV for 260 seconds 
were regarded as significant, ischemic ST-segment devi- 
ations. Abrupt ST-segment changes resulting in a box- 
like shape of the ST-segment trend recording were con- 
sidered posture-related.!? The analysis of the Holter re- 
cordings was completed in all patients before coronary 
angiography was performed. The physician who ana- 
lyzed the Holter tapes was unaware of the results of 
exercise electrocardiography. 

Exercise electrocardiography: Bicycle exercise elec- 
trocardiography was performed in the upright position, 
simultaneously recording leads I, II, III and V2, V4 and 
Ve. The initial workload of 50 watts was increased step- 
wise by 25 watts every 2 minutes. Subjects were encour- 
aged to continue the exercise until one of the following 
indications for termination occurred: severe chest pain, 
dizziness, newly developed complex ventricular arrhyth- 
mias, fatigue, severe dyspnea, horizontal or downsloping 
ST-segment depression 70.4 mV, ST-segment elevation 


THE AMERICAN JOURNAL OF CARDIOLOGY MAY 1,1990 1079 








(n = 216) 


Age (yrs) 
Men (%) 
Angiography performed (%) 
CAD (%) 
Documented CAD (n) 
Obstructed vessels 
Score of Gensini 
Impaired LVEF (%) 
Episodes / patient 
Mean duration of episodes 
(min) 
Mean duration of ischemia / patient 
(min) 


61 +69 


617 + 328 






TABLE Ili Comparison Between Patients with Variable Threshold Angina and Fixed Threshold Angina 


Variable Threshold 


Fixed Threshold 


(n = 55) p Value 


634 + 220 


46 + 35 


TABLE IV Comparison Between the Subgroups of Stable Angina Pectoris Patients with Respect to the Diagnostic Values of Holter 


Monitoring and Exercise Electrocardiography 


Variable Threshold 


(n = 166) 


Holter monitoring 


Sensitivity (%) 
Specificity (%) 
Positive predictive value (%) 69 
Negative predictive value (%) 64 
Accuracy (%) 67 


71 (61-80) 
62 (50-73) 


Exercise testing (n) 
Sensitivity (%) 
Specificity (%) 
Positive predictive value (%) 
Negative predictive value (%) 
Accuracy (%) 


(152) 
52 (41-63) 
58 (45-69) 


Fixed Threshold 
(n = 49) 


77 (62-89) 
80 (28-99) 
97 

29 

78 

(44) 

85 (70-94) 
40 (5-85) 
92 

25 


TABLE V Incidence of Ischemic Episodes During Holter Monitoring Independent of the Localization of Obstructive Lesions 


No. of vessels 
with =50% stenosis 


Sensitivity 


1 (n = 42) 
LAD (n = 23) 
LC (n = 11) 
Right (n = 8) 

2 (n = 45) 

3 (n = 47) 


* Includes only CAD patients with 21 ischemic episode during Holter monitoring. 
t p «0.05 vs 1-vessel disease; * p «0.05 vs 1- and 2-vessel diseases. 


20.3 mV, decrease in systolic blood pressure by =10 
mm Hg or reaching 80% of the age-adjusted maximal 
heart rate. ST-segment deviations were considered isch- 
emic if flat or downsloping ST-segment depression of 
20.1 mV occurred during or within 5 minutes after the 
test. Exercise electrocardiography could be performed 
in 92% of the patients with variable threshold angina 
and in 90% of the patients with fixed threshold angina. 
The remaining patients did not undergo stress testing, 
due to disabling diseases of the lower limbs. 

Cardiac catheterization: Selective coronary angio- 
grams were obtained in multiple views of the left and 
right coronary system within 4 months after Holter 
monitoring. In addition, left ventricular angiography 
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Episodes /Pt* Duration of Ischemia/Pt* 
(n) (min) 





was performed in the right and the left oblique view. 
The angiograms were interpreted by 2 independent ex- 
perienced cardiologists who were unaware of other 
study data. Significant CAD was defined as a coronary 
lesion causing >70% luminal narrowing of =1 major 
coronary vessel. The severity of the sclerotic lesions was 
assessed by the Gensini score.!^ Left ventricular ejection 
fraction (area length method) <50% was considered im- 
paired. 

Calculations: Test results were evaluated using the 
following definitions. Sensitivity = true positive results/ 
total persons with disease X 100%. Specificity = true 
negative results/total persons without disease X 100%. 
Positive predictive value = true positive results/true- 












positive + false-positive results X 100%. Negative pre- 
dictive value = true negative results /true-negative + 
false-negative results X 100%. Accuracy = true-positive 
+ true-negative results/total number of persons X 
100%. 

Results were compared between the different groups 
by the chi-square analysis, or by nonparametric tests 
when appropriate.!? Differences between test results of 
Holter monitoring and of exercise electrocardiography 
within the same patient groups were evaluated by the 
McNemar test.!? In each case p «0.05 was considered 
significant. 


RESULTS 

Variable threshold angina: Coronary angiography 
revealed significant obstructions in 90 (54%) of the 166 
consecutive patients with variable threshold angina. 
Compared to the patients without significant coronary 
lesions, the patients with CAD were older (p «0.01) 
with a preponderance of men (p «0.001) and a history 
of anginal pain 21 year (p <0.01) (Table I). During 
Holter monitoring 21 episode of ischemic ST-segment 
deviation was found in 64 of the 90 CAD patients (sen- 
sitivity 7170), and in 29 of the 76 patients without sig- 
nificant coronary lesions (specificity 62%). Of 526 de- 
tected ischemic episodes, 502 (95%) showed horizontal 
or downsloping ST-segment depression, whereas 7 pa- 
tients developed 24 ST-segment elevations 20.1 mV for 
2.60 seconds. In 152 of the 166 patients (92%) bicycle 
stress testing was performed on the same day. Horizon- 
tal or downsloping ST-segment depression 20.1 mV oc- 
curred in 42 of 81 patients with documented CAD (sen- 
sitivity 52%) and in 30 of 71 patients without significant 
coronary lesions (specificity 58%) (Table II). Based on 
the data of these 152 patients, exercise electrocardiogra- 
phy showed a significantly lower sensitivity (p «0.01) 


Posttest Likelihood 
1 


0,2 0,4 0,6 
Pretest Likelihood 


0,8 








and lower diagnostic accuracy (p «0.01) than the 
Holter monitoring in variable threshold angina. 

Fixed threshold angina: In 44 of the 49 patients 
with fixed threshold angina, significant CAD was docu- 
mented by coronary angiography. During Holter moni- 
toring 21 ischemic episode was found in 34 of the 44 
patients with CAD (sensitivity 77%) and in 1 of the 5 
patients without CAD. All 161 ischemic episodes were 
characterized by ST-segment depression. In 39 of the 
44 patients who underwent coronary angiography, bicy- 
cle stress testing was performed on the same occasion as 
Holter monitoring. Sensitivity and diagnostic accuracy 
of exercise electrocardiography were comparable to 
those of Holter monitoring. Due to the small number of 
patients without CAD, there was a wide range of confi- 
dence for specificity. 

Comparison of variable versus fixed threshold angi- 
na: The prevalence of CAD was significantly lower in 
patients with variable compared to fixed threshold angi- 
na (54 vs 90%, p <0.001) (Table IIT). Moreover, coro- 
nary angiography was performed in a higher proportion 
of patients with fixed compared to the variable form of 
angina (89 vs 77%, p <0.05). Patients with fixed thresh- 
old angina were older (p «0.01). If only patients with 
CAD are considered, the extent of the disease (number 
of stenosed vessels, the Gensini score and the number 
with impaired left ventricular function) did not differ 
between the 2 groups. The number of ischemic episodes, 
the mean duration of ischemic episodes and the total 
duration of ST-segment deviations during 24 hours 
were comparable in both groups (Table IIT). Sensitivity, 
specificity and diagnostic accuracy of Holter monitoring 
were similar in patients with variable threshold and 
fixed threshold angina (Table IV). In contrast, bicycle 
exercise testing was of markedly lower sensitivity and 
lower diagnostic accuracy in patients with variable 


Posttest Likelihood 
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02 04 06 
Pretest Likelihood 


0,8 





FIGURE 1. Influence of the result of bicycle exercise electrocardiography on the posttest likelihood for the presence of coronary 


artery disease (CAD). In patients with variable threshold angina (leff) the diagnostic value of the test is limited by low sensitivity 
and low specificity. In patients with fixed threshold angina (right) after a negative test result the posttest likelihood for the 
presence of CAD remains 78% due to the high prevalence of CAD in this patient group. 
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threshold compared to fixed threshold angina (p <0.01) 
(Table IV). 

Holter monitoring and extent of coronary artery 
disease: In the whole group of patients with document- 
ed CAD the sensitivity of Holter monitoring was signifi- 
cantly higher in patients with 3-vessel disease (87%) 
compared to patients with 2-vessel disease (64%, p 
<0.05) or to patients with 1-vessel disease (67%, p 
<0.05) (Table V). All 8 patients with left main stenosis 
developed Z1 episode of significant ST-segment devi- 
ation during Holter monitoring. The number of isch- 
emic episodes in patients with 2- or 3-vessel disease (5.8 
+ 4.6) exceeded that in patients with 1-vessel disease 
(4.5 + 5.1) (p <0.05). The mean duration of the isch- 
emic episodes was independent of the number of ste- 
nosed vessels, however. The localization of the lesion did 
not influence the sensitivity of Holter monitoring in pa- 
tients with 1-vessel disease (Table V). 


DISCUSSION 

The results of this study indicate that in patients 
with variable threshold angina, Holter monitoring pro- 
vides a more suitable method for the detection of CAD 
compared to bicycle exercise testing. As the extent of 
the disease did not differ between CAD patients with 
fixed or variable threshold angina, the identification of 
patients with CAD is of equal importance in both sub- 
groups of stable angina. In patients with fixed threshold 
angina the prevalence of CAD is very high. By applying 
the data of this study to the Bayes’ theorem, it can be 
demonstrated that the posttest likelihood for underlying 
CAD in patients with fixed threshold angina remains 
>70%, even if bicycle stress testing (Figure 1) or Holter 
monitoring (Figure 2) has negative test results. In pa- 
tients with variable threshold angina the posttest likeli- 
hood for CAD differs only within a small range (10%) 


Posttest Likelihood 
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0,2 0,4 0,6 0,8 
Pretest Likelihood 











depending on the result of the exercise test, due to the 
relatively low sensitivity and specificity of the test in this 
patient group. In contrast, the result of Holter monitor- 
ing markedly influences the posttest likelihood for 
CAD. 

Previous reports confirm that the diagnostic value of 
exercise electrocardiography is limited in fixed thresh- 
old angina, due to the high prevalence of CAD in this 
patient group.!6-!5 For the 2 subgroups with fixed and 
variable threshold angina, different pathophysiologic 
mechanisms are assumed: in patients with variable 
threshold angina dynamic obstruction by vasoconstric- 
tion generally superimposed to a fixed stenotic lesion 
may cause myocardial ischemia, due to decreased oxy- 
gen supply. In these patients, therefore, increased oxy- 
gen demand during physical exercise does not represent 
the main pathophysiologic mechanism inducing isch- 
emic episodes, and this may explain the low sensitivity 
of the exercise electrocardiography observed in these 
patients. 

According to published data, sensitivity of exercise 
electrocardiography for the detection of CAD differs 
between 54!6 and 8090.7 This wide range corresponds 
very well with the different sensitivities found in our 
study for variable threshold (52%) and fixed threshold 
angina (85%). 

In our study the specificity for the exercise electro- 
cardiography in patients with variable threshold angina 
was 5896. Other investigators reported markedly higher 
specificities in patients with stable angina, with a mean 
value of 84% for 10 large studies.'? Different propor- 
tions of patients with variable and fixed threshold angi- 
na within the study groups may account for the discrep- 
ant results. In our study the indication for coronary an- 
giography and hence, the entrance of the patients into 
the study, depended on both the patients' histories and 
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FIGURE 2. Influence of the result of Holter monitoring on the posttest likelihood for the presence of coronary artery disease 
(CAD). As with exercise electrocardiography, the clinical value of the test in patients with fixed threshold angina (right) is 


limited, due to the high prevalence of the disease. In patients with variable threshold angina (leff), however, the posttest 
likelihood for the presence of CAD differs markedly between 33 and 69% depending on the result of Holter monitoring 
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ees the results of exercise electrocardiography. This may 


have decreased the specificity of exercise electrocardiog- 
raphy for the detection of CAD. 

Previous investigations of the diagnostic value of ST- 
segment deviations in ambulatory Holter recordings of 
patients with stable angina pectoris produced controver- 
sial results. These controversies could partly be due to 
differences in the technical equipment; in addition, the 
validated frequency modulated system?? used in this 
study has not been used in all other studies. The main 
reason for different results, however, may be attributed 
to differences in patient subpopulations: Crawford et al 
investigated patients with normal baseline electrocardio- 
grams. The sensitivity and specificity they described 
were very similar to the results of our study in patients 
with variable threshold angina. The prevalence of CAD 
was also nearly identical in both studies (56 vs 54%). 
On the other hand, Stern et al? reported a markedly 
higher sensitivity and specificity when most CAD pa- 
tients presented with significant ST-segment changes or 
pathologic Q waves on 12-lead baseline electrocardio- 
grams. As in the smaller study group of Quyyumi et al,’ 
in our patients with 3-vessel disease the sensitivity of 
Holter monitoring was higher compared to patients 
with 1- or 2-vessel disease. In all patients with left main 
coronary artery stenosis, episodes with significant ST- 
segment changes were observed. Thus, similar to exer- 
cise testing,!’ the sensitivity of Holter monitoring seems 
to depend on the extent of underlying CAD. 
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Hemodynamic, Platelet and Clinical Responses 
to Prostacyclin in Unstable Angina Pectoris 


Pierre Théroux, MD, Jean-Gilles Latour, PhD, Jean Diodati, MD, Claudette Léger-Gauthier, PhD, 
Doris Morissette, RN, Xavier Bosch, MD, Justo de Lara, MD, and David Waters, MD 


The hemodynamic and platelet effects of prosta- 
cyclin (PGl2) were investigated in 27 patients with 
unstable angina (14 treated patients; 13 control 
subjects) given a 72-hour infusion (5 ng/kg/min) or 
placebo. This randomized study was double-blind 
and conducted as a substudy of a multicenter trial 
testing the clinical efficacy of PGl;. The clinical and 
angiographic features were identical in the 2 
groups. Blood pressure and heart rate were not 
modified significantly by PGl2. A recurrence of an- 
gina during infusion occurred in 8 treated patients 
(57.196) and in 8 control subjects (61.596). Two 
patients receiving PGl2 and none in the control 
group developed a myocardial infarction. Levels of 
6-keto-prostaglandin Fo, a stable metabolite of 
PGl;, increased from baseline values («20 pg/ml) 
to 605 + 41 pg/ml during infusion. Levels of 
fibrinopeptide A, 8-thromboglobulin, platelet factor 
4, thromboxane B; and the platelet aggregates ra- 
tio in blood were similar between the 2 groups be- 
fore, during and after PGl; infusion. Prostacyclin 
reduced ex vivo platelet aggregation to adenosine 
diphosphate and thromboxane B2 generation by ap- 
proximately 50% during the infusion period with 
return of aggregation to baseline and platelet 
thromboxane B2 production to above baseline after 
the discontinuation of PGl;. Thus, despite favorable 
effects of PGl; upon platelet aggregation and sys- 
temic hemodynamics, the prostanoid failed to im- 
prove the clinical evolution of unstable angina. 

(Am J Cardiol 1990;65:1084—1089) 
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by the vascular endothelium.! It is a strong vaso- 

dilator and one of the most potent platelet inhibi- 
tors known to date.” In vivo, PGI, counteracts throm- 
boxane A», which is generated by platelets and has op- 
posite physiologic effects. An imbalance between the 
PGI, and thromboxane systems, resulting from an ex- 
cessive production of thromboxane A; by activated 
platelets and a possible decreased ability of the athero- 
sclerotic vessel to synthesize PGL, has been postulated 
as 1 of the possible pathophysiologic mechanisms of un- 
stable angina.* Also, PGI, production may actually be 
increased in experimental atherosclerotic vessels? and in 
patients with severe atherosclerosis and platelet activa- 
tion, possibly reflecting enhanced biosynthesis as a re- 
sponse to platelet activation and increased arachidonate 
release. Irrespective of these attractive hypotheses of a 
possible counteraction to thromboxane A;'s deleterious 
effects, the physiologic properties of PGI, make the 
clinical use of this circulating prostaglandin appealing 
in unstable angina; vasodilatation could provide control 
of coronary artery spasm, while platelet function inhibi- 
tion could interfere with the thrombus formation associ- 
ated with plaque rupture.’ Accordingly, this study eval- 
uates the hemodynamic and platelet effects as well as 
the potential clinical benefits of PGI, therapy in unsta- 
ble angina. This investigation was conducted as a sub- 
study in a multicenter trial evaluating the clinical 
response to PGI.’ 


P rostacyclin (prostaglandin I, [PGI;]) is produced 


METHODS 

Study population and design: The study population 
was selected from a consecutive series of patients admit- 
ted to the coronary care unit with a diagnosis of unsta- 
ble angina. Unstable angina was defined as either a 
changing pattern of angina during exercise or at rest 
with increasing severity or frequency of symptoms, or 
prolonged chest pain without enzymatic evidence of 
acute myocardial infarction. Eligibility for the study re- 
quired documentation of transient ischemic changes on 
a 12-lead electrocardiogram with no new Q waves. The 
screening procedures excluded patients >75 years of 
age and those with a recent history («2 months) of 
myocardial infarction, stroke or surgery. The following 
patients were also excluded: those with documented 
coagulopathy; those with active bleeding; those who use 
oral anticoagulants or platelet-active drugs; those with 
blood glucose 2300 mg/dl; those with blood pressure 
2200 mm Hg systolic or 120 mm Hg diastolic; those 
with the potential for pregnancy; and candidates who 
refused to sign an informed consent form. Overall, 126 
patients were enrolled in the multicenter study, includ- 





— AÁ 





ing 27 in our institution. Randomization was performed 
using computer-issued numbers. 

PGI; (cyclo-prostin) was synthesized by the Upjohn 
Company and formulated by the Wellcome Foundation. 
It was supplied as a freeze-dried powder that was dis- 
solved immediately before use in a buffered solution 
containing the following (in W/vol): sodium chloride 
0.147%; glycine 0.188%; and sodium hydroxide diluted 
with normal saline to pH 10. The solution was stable at 
room temperature for 12 hours. The active drug or the 
glycine buffer was administered in a peripheral vein in a 
double-blind fashion as early as possible after hospital 
admission. The solutions were prepared by a hospital 
pharmacist who had no further contact with the medi- 
cal staff or patients. 

An initial dose of 2 ng/kg/min was gradually titrat- 
ed up to a maximum of 5 ng/kg/min over 1 hour or 
until systolic blood pressure decreased or heart rate in- 
creased by 10%. If this occurred, the dose was reduced 
until the patient stabilized, and then increased again to 
the maximum dose. This rate of infusion was main- 
tained for a period of 72 hours and tapered off progres- 
sively during the next 12 hours. The use of nitrates, 8 
blockers and calcium antagonists was permitted, but 
heparin and platelet-active drugs were not. Cuff blood 
pressure and heart rate were monitored every 5 minutes 
during the titration period, at hourly intervals for the 
following 4 hours and every 8 hours thereafter. Cardiac 
enzymes were measured daily during the first 3 days. 
All clinical events were recorded by the nurse coordina- 
tor and the physician during the perfusion period and 
the following week. Close attention was given to the oc- 
currence of chest pain. Other clinical events recorded 
were myocardial infarction, need for angioplasty or sur- 
gery and mortality. A follow-up hospital visit was ob- 
tained in all patients after 1 month. Coronary angiogra- 
phy was obtained in all but 1 patient after admission 
(mean 5 + 2 days). The ejection fraction was calculated 
by isotopic ventriculography obtained at equilibrium. 

Blood and platelet tests: Platelet aggregation was 
tested on citrated platelet-rich plasma (275 to 325 X 
10? platelets/ul) with adenosine diphosphate (ADP) 
concentrations of 0.455 and 1.82 ug/ml on a Payton 
dual-channel platelet aggregometer. Aggregation was 
quantified? in terms of speed of aggregation (maximum 
slope of the response curve; 1 cm/cm = 10% transmis- 
sion/0.5 min), extent of aggregation (surface under the 
curve; 1 cm? = 5% transmission/min) and magnitude of 
aggregation (maximal amplitude of the curve; 1 cm = 
1076 transmission); calculations were performed 1 and 3 
minutes after addition of ADP. The procedures were 
accelerated to complete all tests within 27 minutes after 
collection of blood.!? 

Fibrinopeptide A (Mallinckrodt Inc.), 8-thrombo- 
globulin (Amersham Corp.), thromboxane B» and 6- 
keto-prostaglandin Fia. (New England Nuclear) were 
measured by radioimmunoassay in platelet-free plasma 
according to the suggested procedures. The ratio of cir- 
culating platelet aggregates was estimated using the 
Wu and Hoak method.!! Release of thromboxane B; by 
platelets in vitro was tested 3 minutes after addition of 
0.91 ug/ml ADP. The cyclooxygenase system was then 
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TABLE I Characteristics of the Two Study Groups 





No. patients 13 14 








Age (yrs) 61410 5749 
Women /men 5/8 3/11 
Previous infarction 5 6 
Previous cardiac surgery 2 2 
Systemic hypertension (by history) 6 3 
Diabetes mellitus 2 1 
Smokers 9 9 





Ejection fraction (%) 61414 578 


No. coronary occlusion >60% in diameter* 








Oto1 5 4 

2to3 8 9 
Concomitant medications 

B blockers 12 10 

Calcium antagonists 5 4 

Nitrates 5 7 





* ] patient not catheterized. 


inhibited by aspirin and the sample cooled on melting 
ice before elimination of platelets by centrifugation. 
Twenty-two of the 27 patients had these tests performed 
at admission, after 24 and 48 hours of therapy and 1 to 
4 days after complete discontinuation of PGI) or place- 
bo. Results are expressed per 10? platelets. 

Statistical analyses: The baseline characteristics 
and the clinical event rates between the 2 groups were 
compared using the Student's ¢ test or the chi-square 
test. The intra- and intergroup differences in hemody- 
namic, platelet and blood factors were tested using anal- 
yses of variance. When a p value «0.05 was present, 
paired or unpaired ¢ tests were performed on selected 
data points. P values «0.05 were considered significant; 
data are expressed as mean + standard error of the 


mean. 
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FIGURE 1. Heart rate and blood pressure responses to pros- 
tacyclin (PGI2) during 1-hour titration period and 72-hour 
infusion (5 ng/kg/min). 
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CABG = coronary artery bypass graft; PTCA = percutaneous transluminal coronary 
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RESULTS 

Fourteen patients received PGI, and 13 received pla- 
cebo. The clinical and angiographic characteristics of 
the 2 study groups are listed in Table I. Mean age of 
the population studied was 59 + 7 years. Sex distribu- 
tion and previous cardiac history were similar in the 2 
study groups. Although a history of high blood pressure 
was more prevalent in the placebo group, blood pressure 
at study entry was the same in both groups. Ejection 
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fraction, severity of coronary artery disease and con- 
comitant medication during hospitalization were also 
similar between the 2 groups. 

The clinical evolution during the 72-hour infusion of 
PGL and during the next month is listed in Table II. 
No clinical endpoint was influenced by the study medi- 
cation. These results are similar to those observed in the 
121 patients enrolled in the multicenter trial. 

Hemodynamic effects: Figure 1 shows the hemody- 
namic effects observed with the infusion of PGI, or its 
vehicle. At the doses used in this study, PGI induced a 
slight and nonsignificant decrease in systolic and dia- 
stolic blood pressures without reflex tachycardia. This 
effect was encountered primarily during the titration 
period. During the steady-state infusion period, heart 
rate and blood pressure were the same in both study 
groups. 

Blood factors and platelet studies: Figure 2A shows 
the plasma levels of 6-keto-prostaglandin F)a, the stable 
metabolite of PGI. Six-keto-prostaglandin F;o in- 
creased from baseline values (<20 pg/ml plasma) to 
levels of 605 + 41 pg/ml in the treated group during 
the steady-state infusion; the PGI, metabolite was bare- 







FIGURE 2. Plasma levels of 6-keto-pros- 

taglandin F 1a (6-k-PGF o), fibrinopeptide 
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(TxB2) 












similar in 2 groups before (0), during 
(day 1 and 2) and after (day 4 to 7) 
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.. |y detectable in the placebo group. Levels of fibrinopep- 

tide A (Figure 2B), 6-thromboglobulin (Figure 2C), 

platelet factor 4 (Figure 2D) and thromboxane B; (Fig- 
ure 2E) and the platelet aggregates ratio in blood (Fig- 
ure 2F) were similar between both groups before, dur- 
ing and after the infusion. A nonsignificant trend to de- 
creasing values of fibrinopeptide A and platelet factor 4 
was observed at the late study in the 2 groups. 

In vitro testing of platelet function showed a mark- 
edly reduced activity in the patients treated with prosta- 
cyclin (Figure 3). After 24 hours of infusion, platelet 
aggregation to high and low concentrations of ADP was 
inhibited by >50%. This inhibition persisted after 48 
hours, although slightly less in magnitude. Platelet ag- 
gregation returned to control values after the discontin- 
uation of PGI. Thus, results observed at admission and 
after 4 days were similar in the 2 groups. 

The inhibition of platelet function by PGI, was fur- 
ther confirmed in vitro by the demonstration of a 40 to 
50% reduction in thromboxane B production (p <0.05) 
with platelet stimulation by ADP (Figure 4). Baseline 
values were 3,659 + 1,607 pg/10® platelets in the 2 
groups and were unchanged in the placebo group. The 
inhibition effect of PGI, persisted during the entire in- 
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FIGURE 3. Decreased platelet aggregation 
to high- and low-dose ADP during infusion 
of prostacyclin (PGI2); max = maximum. 
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DISCUSSION 


This study describes the clinical and hemodynamic | 3 7 


effects of a 72-hour infusion of PGI, in patients with 
unstable angina and documents the effects of treatment 
on platelet function, coagulation activation and fibrin 
formation. 


The drug was well tolerated and produced only mild | ^ , 


vasodilatation at the doses used. No beneficial clinical 
effects on the course of unstable angina were observed; 
neither was any effect detected on in vivo markers of 
platelet (platelet factor 4, 8-thromboglobulin) and coag- 
ulation (fibrinopeptide A) activation. Platelet aggrega- 
tion and release of thromboxane B; were, however, 
markedly decreased in vitro. 

Interpretation of these results can lead to speculation 
as to the mechanism for platelet recruitment in unstable 
angina and on the degree of inhibition required for ther- 
apeutic benefits. 

Clinical response: Strong evidence is provided in this _ 
study against a beneficial effect of PGI, in unstable an- 
gina. Although the study population was small, the 
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event rate was high. Recurrent angina or myocardial 
infarction was observed in 62% of the placebo and 71% 
of the PGI, patients. This high event rate during the 
acute phase of unstable angina is consistent with other 
studies.!?-!^ Moreover, the results are representative of 
those found among the 106 patients enrolled in the mul- 
ticenter study.® The absence of a beneficial effect is also 
consistent with previously published studies: although 
they are of small size and open-label, these trials have 
given very controversial results, some showing bene- 
fits, 67 some not.!9.1? 

Hemodynamic effects: Studies in normal volun- 
teers!” and in patients with coronary artery dis- 
ease! 7.19212? have consistently documented a dose-relat- 
ed decrease in peripheral vascular resistance, in systolic 
and diastolic blood pressure, and at higher doses, an in- 
crease in heart rate and cardiac index. These changes 
usually appear at doses of 2 ng/kg/min and become 
significant at doses ranging between 5 and 10 ng/kg/ 
min. Coronary vascular resistance and coronary blood 
flow follow a similar dose-related response curve.222? 
Doses progressively titrated up to 5 ng/kg / min during a 
l-hour period in our study were well tolerated, with a 
slight decrease in blood pressure and no tachycardia. 
Higher doses may be hazardous in unstable patients by 
causing hypotension and tachycardia and a presumed 
coronary artery steal syndrome.”3 

Platelet effects: PGI, inhibits platelet aggregation 
by stimulation of adenylate cyclase and an increase in 
platelet cyclic adenosine monophosphate.?^25 The inhi- 
bition is dose-related over infusion rates ranging from 2 
to 20 ng/kg/min; a 5-ng infusion inhibited platelet ag- 
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* p <0.05 versus placebo group 





1088 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 








gregation to ADP by approximately 50 to 60%.2°-28 The 
inhibition achieved in this study was of the same magni- 
tude. Platelet aggregation was higher in patients receiv- 
ing PGI; than in those receiving placebo after discontin- 
uation of the study drug. This is compatible with the 
previously suggested rebound phenomenon after with- 
drawal of PGL;.?? 

Pathophysiology of unstable angina: The basal he- 
matologic abnormalities that we previously described in 
a similar population of patients with unstable angina 
were present in this study.'? Fibrinopeptide A levels 
were high and distinguished unstable from stable angina 
patients. The levels of platelet factor 4 were also slightly 
elevated and the ratio of circulating platelet aggregates 
was slightly decreased. Since coagulation activation re- 
sulting in thrombin formation now appears to be the 
hallmark of unstable angina,0303! thrombin becomes 
the first candidate for secondary recruitment of plate- 
lets at the site of the damaged atherosclerotic plaque. If 
such is the case, only platelet inhibitors with a strong 
ability to interfere with thrombin action on platelets 
could be beneficial in unstable angina. However, PGI, 
and most of the platelet antagonists that are commonly 
used are weak inhibitors of thrombin-induced platelet 
activation and aggregation. So far, significant benefits 
have been reported only with aspirin,!2-!4 which, in ad- 
dition to acting on platelets, also interferes with blood 
coagulation activation.?? Results observed with heparin 
have also been favorable.!? These observations are con- 
sistent with the experimental model of coronary artery 
constriction in which in vivo platelet aggregation was 
inhibited more effectively when the platelet aggregation 
process was inhibited at multiple sites.?? 

Role of prostacyclin in unstable angina: Our results 
suggest that exogenous PGI, has little role in the man- 
agement of unstable angina; indeed, no beneficial clini- 
cal effect was found despite evidence of a hemodynamic 
and platelet effect. This dissociation also suggests that 
PGI, does not counteract in any meaningful way the 
basic physiopathologic process involved in unstable an- 
gina. Indeed, the high doses used in this study should 
have corrected any basal imbalance between endoge- 
nous prostacyclin and thromboxane; rapid tachyphy- 
laxis to the drug is unlikely since platelet inhibition was 
still significant after 48 hours. Higher doses might yield 
different results, but would be of limited usefulness be- 
cause of side effects. It is possible that future derivatives 
of PGI, with more stable biologic activity and more spe- 
cific hemodynamic or platelet actions might be more 
useful.** It is also possible that PGI, or its derivatives 
could be helpful if used in conjunction with other phar- 
macologic agents.?? 
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Prevalence and Patterns of Silent Myocardial 

Ischemia During Daily Life in Stable Angina 

Patients Receiving Conventional Antianginal 
Drug Therapy 


Prakash C. Deedwania, MD, and Enrique V. Carbajal, MD 


The prevalence and patterns of silent myocardial 


ischemia were evaluated in 105 stable angina pa- 
tients receiving conventional antianginal drug ther- 
apy. During 2,520 hours of electrocardiographic 
monitoring, silent ischemia was detected in 45 
(43%) patients. A total of 188 ischemic episodes 
was observed; 163 (87%) were silent and account- 
ed for a total ischemic duration of 5,771 minutes. 
There was no difference in the baseline clinical 
characteristics between the patients with and with- 
out ambulatory silent ischemia. However, patients 
with silent ischemia on ambulatory electrocardio- 
graphic monitoring had earlier onset of ischemia 
during exercise testing. The highest density of 
silent ischemic events occurred between 6 A.M. and 
6 P.M. Comparison of the class or combination of 
antianginal agents used by the 2 groups revealed 
no difference. However, in patients with silent isch- 
emia the mean duration per event was shorter for 
those receiving 2 (p <0.05) or more (p = 0.001) 
antianginal agents compared to those receiving 
monotherapy. The average duration of silent isch- 
emia per event was significantly less (p <0.001) in 
patients receiving 8 blockers. These results demon- 
strate that silent ischemia during ordinary daily ac- 
tivities occurs frequently despite conventional anti- 
anginal drugs prescribed for control of symptoms. 
(Am J Cardiol 1990;65:1090-1096) 
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stable angina has consisted of drug therapy for 

control of symptoms. The antiischemic efficacy 
of this therapeutic approach must now be evaluated in 
light of recent studies showing frequent (40 to 5096) oc- 
currence of silent ischemic events during ambulatory 
electrocardiographic monitoring in patients with stable 
angina. ? Silent myocardial ischemia, defined as objec- 
tive evidence (electrocardiographic changes or perfusion 
abnormalities) of myocardial ischemia without associ- 
ated symptoms, can occur spontaneously during routine 
daily activities or can be induced in the laboratory dur- 
ing exercise testing. The clinical significance of silent 
ischemia has been questioned until recently because 
prognostic data were lacking. Several recent reports, 
however, demonstrate that silent ischemia is an inde- 
pendent predictor of poor clinical outcome in various 
subsets of patients with coronary artery disease.^? The 
presence of silent ischemia has been correlated with ad- 
verse clinical outcome and poor prognosis in stable angi- 
na patients.? 

Clinicians generally believe that drug therapy for 
control of symptoms is adequate for the treatment of 
patients with stable angina. Whether antianginal thera- 
py prescribed in this manner abolishes all symptomatic 
and silent ischemic events is not known. Because the 
presence of silent ischemia is associated with adverse 
clinical outcome, it is important to evaluate its preva- 
lence and pattern in patients with stable angina pectoris 
receiving drug therapy prescribed by their physicians. 
We evaluated the presence and extent of silent ischemia 
during daily life in patients with chronic stable angina 
who were receiving conventional antianginal drug thera- 
py for control of symptoms. 


"| ebie mgt medical treatment of patients with 


METHODS 

A total of 118 unselected consecutive male patients 
with clinical findings suggestive of coronary artery dis- 
ease were enrolled from the medicine and cardiology 
clinics at the Veterans Administration hospital. All pa- 
tients gave informed consent for participation in the 
study, which was approved by the Hospitals Human 
Study and Research Committees. Thirteen consenting 
patients were excluded; 11 with baseline electrocardio- 
graphic abnormalities and 2 because they were not tak- 
ing antianginal drugs on a regular basis. 

All patients had chronic stable angina for at least 6 
months before enrollment. Chronic stable angina was 
defined as angina occurring during moderate to strenu- 























ous exertion, producing mild to moderate limitation of 
ordinary activity and relieved by rest or administration 
of sublingual nitroglycerin. Coronary artery disease had 
been confirmed by at least one of the following estab- 
lished criteria: coronary angiography showing signifi- 
cant (27096) narrowing of the diameter of 21 major 
coronary artery, redistribution myocardial perfusion de- 
fect on exercise thallium-201 scintigraphy or a well-doc- 
umented myocardial infarction. All patients were being 
treated with one or more conventional antianginal drugs 
(nitrates, 8 blockers, calcium antagonists) prescribed by 
the primary care physician for adequate control of angi- 
na. No patient had had an acute myocardial infarction 
within 1 year of enrollment. Patients were also excluded 
for any conditions that would impede the evaluation of 
ST-segment changes. 

Study protocol: All patients underwent ambulatory 
electrocardiographic monitoring for 24 hours while re- 
ceiving conventional antianginal medications prescribed 
by their primary physicians for control of angina. The 
dosages of antianginal drugs were stable for at least 3 
months before this study and were considered effective 
in the control of anginal symptoms. No changes in anti- 
anginal drug therapy were made before the electrocar- 
diographic monitoring period, and the medication in- 
take during monitoring was confirmed and recorded on 
the patients' charts by a member of the study team. The 
tapes were coded to keep the investigators blinded to the 
patients' identities. The tapes were stored, analyzed at a 
later date and reviewed independently by at least 2 in- 
vestigators. 

Ambulatory electrocardiographic monitoring: Con- 
tinuous 24-hour 2-channel ambulatory electrocardio- 
graphic recordings were obtained with validated and 
properly calibrated frequency modulated tape recorders 
(Oxford Medilog MR-20). The frequency response 
range was between 0.05 and 100 Hz, which meets the 
American Heart Association specifications for ST-seg- 
ment evaluation.!? Two bipolar leads (anterior left pre- 
cordial and inferior leads, corresponding to the location 
of maximum ST-segment depression during exercise 
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TABLE I Comparison of Baseline Clinical Characteristics, 
Exercise Test Findings and Angiographic Data Between Group 
1 and Group 2 














Group 1 
(n = 45) 


Group 2 
(n = 60) 


62+6 


p Value 















Mean age (yrs) 64+8 


Previous history 



















Angina duration (mos) 108+73 120+98 NS 
No. with myocardial infarction (%) 23 (51) 27 (45) NS 
No. with systemic hypertension 29 (64) 37 (62) NS 
(%) 
No. cigarette smokers (%) 31 (69) 45 (75) NS 
No. with diabetes mellitus (%) 11 (24) 17 (28) NS 
Cholesterol (mg) 225 233 NS 
No. with Q waves (%) 21 (47) 23 (38) NS 
Exercise data 
Total exercise time (min) 5.8423 65426 NS 
Time to ischemia (min) 3.2416 50423 <0.001 
No. with asymptomatic ST} (99) 26 (57) 28 (50) NS 
No. coronary arteries narrowed 
>50% in diameter: 
l 4 (12) 8 (20) NS 
2 12 (35) 16 (39) NS 
3 18 (53) 17 (41) NS 
Left main disease 4 (12) 9 (22) NS 
No. with ejection fraction deter- 31 (69) 47 (78) NS 
mined (96) 
Mean LV ejection fraction (96) 48211 494113 NS 





All + values are mean + standard deviation. 
NS = not significant. 


testing) were monitored. Leads with Q waves or base- 
line ST-segment depression were avoided. Baseline re- 
cordings were made in each patient during hyperventila- 
tion and while supine, prone, sitting and standing to en- 
sure that the ST segments were not affected by body 
position. Patients performed their usual activities and 
were instructed to press an event button on the recorder 
if they experienced an episode of angina and to record 
the number and duration of these episodes in the diary. 

Scanning of electrocardiographic monitoring tapes: 
The ambulatory electrocardiographic tapes were ana- 
lyzed visually at 60 to 120 times normal speed on an 
Oxford Medilog playback unit by an experienced tech- 


Patients without ischemia (n=60) 
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Total Number of Ischemic Events Total Duration of Ischemia 


FIGURE 2. A shows 
that most transient 


ischemic events were 
Asymptomatic 87% Asymptomatic 84% without symptoms 


(black area). B, simi- 
larly, the duration of 
asymptomatic events 
accounted for most 
(8496) of total isch- 
13% 16% emic time during 24- 
hour ambulatory elec- 
trocardiographic 


monitoring. 


Symptomatic Symptomatic 





Total number of events by time period 


Number of Ischemic events 


12mn - 6am 6am - 12pm 12pm - 6pm 6pm - 12mn FIGURE 3. Distribution of the total num- 
ber (A) and duration (B) of asymptomatic 
(black bars) and symptomatic (open bars) 
transient ischemic events during the 24- 
hour monitoring period. The comparison 
during the 6-hour time segments reveals a 
predominance of silent ischemia between 
6 A.M. and 6 P.M. 
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nician for the presence, frequency and duration of isch- 
emic episodes. Each ischemic episode was defined ac- 
cording to the criteria adopted at the National Institutes 
of Health workshop on silent coronary artery disease.!! 
These criteria consisted of horizontal or downsloping 
ST-segment depression of Z1 mm from baseline, mea- 
sured at 0.08 second after the J point, that lasted >1 
minute and was separated from other episodes by 21 
minute (the *1 X 1 X 1" rule). The technician scanning 
the monitoring tapes identified all potential ischemic 
episodes meeting these criteria and recorded time of on- 
set, peak ST-segment depression and termination of the 
event. Electrocardiographic tracings at 25 mm/s were 
obtained for all ischemic episodes and at hourly inter- 
vals during the monitoring periods. For each patient, 
the total number of episodes and the duration of isch- 
emia (in minutes) were recorded for each 24-hour mon- 
itoring period. Episodes of ST-segment depression were 
correlated with diary symptoms and considered silent in 
the absence of symptoms. The findings of ambulatory 
electrocardiographic monitoring recordings were blindly 
and independently reviewed by at least 2 experienced 
investigators who evaluated heart rate, ST-segment 
trends and electrocardiographic strips for each ischemic 
episode. In case of any discrepancy, the tapes were re- 
evaluated until an agreement was reached between the 
2 investigators. 

Data analysis: Comparisons of groups with and 
without silent ischemia on ambulatory electrocardio- 
graphic monitoring were made with unpaired : test of 
significance for continuous variables, and chi-square 
analyses were performed for categorical variables. The 
normally distributed continuous variables are expressed 
as mean (+ standard deviation), and the remaining 
data are expressed as median and range. Comparison 
between patients receiving single, double or triple anti- 
anginal drugs was made using analysis of variance. Sta- 
tistical significance is defined by p «0.05. 


RESULTS 

Clinical characteristics: The study population con- 
sisted of 105 male patients with a mean age of 63 + 6 
years (range 45 to 79) and a mean duration of angina of 
9.4 + 7 years (range 1 to 44). The patients were divided 
into 2 groups. Group 1 consisted of 45 patients with 
evidence of myocardial ischemia during ambulatory 
electrocardiographic monitoring and group 2 consisted 
of 60 patients without evidence of ischemia. There was 
no significant difference in the clinical variables, angio- 
graphic findings and exercise test parameters except for 
time to exercise-induced ischemia (Table I). Although 
the total exercise duration and the number of patients 
with asymptomatic ischemia during the maximal tread- 
mill exercise testing did not differ between the 2 groups, 
group 1 patients had earlier onset of exercise-induced 
ischemia (p <0.001). Comparison of prescribed antian- 
ginal drugs did not reveal significant difference with re- 
gard to the class or combination of drugs between the 2 
groups (Figure 1). 

Ambulatory electrocardiographic monitoring data: 
During a total monitoring period of 2,520 hours, 45 pa- 
tients (group 1) had Z1 episode of ST-segment depres- 





sion. There was a total of 188 transient ischemic events, 
163 (8795) of which were silent. The total ischemic time 
was 6,857 minutes with 5,771 (8496) minutes of silent 
ischemia (Figure 2). The median number of silent epi- 
sodes was 2 (range 1 to 18), accounting for a median 
duration of 70 minutes (range 8 to 552). The majority 
(76%) of patients had silent ischemia; only 11 patients 
had both symptomatic and silent ischemic events. The 
absence of symptomatic episodes in 94 of 105 (90%) 
patients is an indicator of adequate control of symp- 
toms. Even the 11 patients with symptomatic events had 
an average of only 2.2 events. Although the average du- 
ration of symptomatic episodes was longer (54 + 60 
minutes) when compared to silent ischemic events (28 
+ 16 minutes), it did not reach statistical significance. 
Pattern of silent ischemia during the monitoring pe- 
riod: The circadian distribution of ischemic events was 
evaluated by dividing the 24-hour period into four 6- 
hour segments: midnight to 6 A.M., 6 A.M. to noon, noon 
to 6 P.M., and 6 P.M. to midnight. Comparison of the total 
number and duration of ischemic events (Figure 3) re- 
vealed the highest density between 6 A.M. and 6 P.M. 
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FIGURE 4. Total number (A) and duration (B) of silent (black 
bars) and symptomatic (open bars) ischemic events during 
ambulatory electrocardiographic monitoring according to 
mono, double and triple antianginal drug regimen. There was 
no statistical difference among the 3 groups. 
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Effect of antianginal drug regimens: Comparison 
of the total number and duration of ischemic events 
among patients receiving single, double or triple antian- 
ginal drug therapy did not show a significant difference 
(Figure 4). However, the average duration (+ standard 
deviation) per silent ischemic episode was shorter in pa- 
tients receiving 2 (35 + 28 minutes, p <0.05) or more 
(24 + 35 minutes, p = 0.001) antianginal drugs com- 
pared to those receiving only 1 (53 + 47 minutes). 
There was no significant difference between patients re- 
ceiving double versus triple drug therapy. 

Effect of beta-blocker therapy: Because 6-blocker 
therapy has recently been shown to reduce the number 
and duration of silent ischemic events,'?-!^ we compared 
the effects of 8 blockers on silent ischemic events in our 
study population. Although not statistically significant, 
patients receiving 8 blockers (Figure 5) had fewer silent 





events between 6 A.M. and noon. The average duration of 
silent ischemic events per patient during the 24-hour 
monitoring period in those receiving 6 blockers was sig- 
nificantly shorter (45 + 13 minutes, p <0.001) com- 
pared to patients not taking 6 blockers (65 + 17 min- 
utes, Figure 6). 


DISCUSSION 

Our findings demonstrate that silent ischemic epi- 
sodes during daily life occur frequently despite antiangi- 
nal therapy considered adequate for control of symp- 
toms. Antianginal drugs were prescribed by the primary 
physician during routine clinical evaluations and were 
based on therapeutic response determined by relief of 
symptoms. Although no significant difference was ob- 
served in the total number and duration of silent isch- 
emic events between patients receiving single, double or 
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6pm - 12mn 


FIGURE 5. The 24-hour distribution of si- 
lent (solid bars) and symptomatic (open 
bars) ischemic events. Comparison be- 
tween A and B reveals fewer events be- 
tween 6 A.M. and noon in patients receiving 
B-blocker therapy. 
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triple antianginal drug regimens, the average duration 
per silent ischemic event was shorter in patients receiv- 
ing 22 antianginal drugs compared to those receiving 
monotherapy. 

These data are similar to those reported in other re- 
cent studies.?!5-'7 There is, however, a major difference 
between earlier reports and our study, because previous 
studies evaluated the prevalence of silent ischemia after 
discontinuation of all prophylactic antianginal drugs for 
24 to 48 hours.!?/* In contrast, we evaluated the preva- 
lence and patterns of silent ischemia in patients with 
stable angina while they continued the prescribed anti- 
anginal drugs. 

These findings may have clinical relevance because 
the presence and severity of anginal symptoms have 
been shown to correlate poorly with subsequent progno- 
sis.?-?! [n contrast, the results of several recent studies 
show that silent ischemia detected by continuous elec- 
trocardiographic monitoring in various subsets of pa- 
tients with coronary artery disease is associated with a 
higher risk of coronary events and cardiac death.26-? 
Since our results show that therapy directed toward re- 
lief of symptoms does not abolish silent ischemic events, 
such treatment strategy might not provide maximum 
protection against future cardiac events. 

Circadian pattern of silent ischemia: Several recent 
studies have shown that acute myocardial infarction, 
sudden cardiac death and transient ischemic events 
show a circadian rhythm.?^-?? We also noted the highest 
density of silent ischemic events during the 6 A.M. to 
noon and noon to 6 P.M. time periods in patients not tak- 
ing 8 blockers. Although not statistically significant, it 
was interesting to note that patients receiving 6 blockers 
had fewer events between 6 A.M. and noon. This diurnal 
pattern of silent ischemic activity is similar to that re- 
ported in previous studies. !8-26 

Silent versus symptomatic ischemic episodes: Most 
(87%) of the transient ischemic events during ambulato- 
ry electrocardiographic monitoring in our patients were 
not accompanied by anginal symptoms. Of the 45 pa- 
tients with ischemic ST-segment depression, 34 had 
only silent ischemic episodes, and the remaining 11 pa- 
tients had both silent and symptomatic events. Al- 
though not statistically significant, the duration of 
symptomatic episodes was longer (54 + 60 minutes) 
compared to the silent episodes (28 + 16 minutes). 

Effects of beta blockers on silent ischemia: Al- 
though our patients were receiving different 6 blockers 
in various doses as prescribed by their primary care 
physicians, we observed that the average duration of si- 
lent ischemic events per patient during the 24-hour am- 
bulatory electrocardiographic monitoring period was 
significantly shorter (p «0.001) in those taking 6 
blockers. This finding extends the recent observations of 
controlled studies!?-!^ showing efficacy of 8 blockers in 
reducing the frequency and duration of silent ischemic 
events. 

Limitations: Because our patients were already tak- 
ing different antianginal drug therapies in varying dos- 
ages and no baseline data during a drug-free interval 








were available, we could not accurately evaluate the ef- 
fects of individual antianginal therapy on ischemic 
events during subsequent ambulatory electrocardio- 
graphic monitoring. Although the lack of symptomatic 
ischemic events in 90% of patients during the monitor- 
ing period was good evidence of adequate symptom con- 
trol, we do not have repeated evaluations to confirm this 
finding. 

Clinical implications: Our results show that the con- 
ventional therapy prescribed for control of anginal 
symptoms does not abolish silent ischemic events despite 
adequate control of symptoms. Although silent ischemic 
events do not cause any patient discomfort, results of a 
recent study have shown that silent ischemia during dai- 
ly life is an indicator of adverse clinical outcome.? Thus, 
we suggest that antiischemic therapy should be directed 
toward suppression of symptomatic as well as silent 
ischemic events. Controlled clinical trials are needed, 
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FIGURE 6. Comparison of average (+ standard error of the 
mean) duration of silent ischemia per patient during the 24- 
hour monitoring period between those with (hatched bar) and 
without (open bar) 8-blocker therapy. The 8-blocker group 
had i (p «0.001) shorter duration of silent isch- 
emia (45 + 13 vs 65 + 17 minutes). 
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however, to determine if suppression of silent ischemic 
events would modify the associated adverse prognosis. 


Acknowledgment: We thank William Parmley, 
MD, and Howard Morrelli, MD, for editorial assistance 
and review of our manuscript, Kippur Spears for techni- 
cal assistance, Lawrence Linn for statistical analysis, 
and Jennifer Biancucci for illustrations. 


REFERENCES 

1. Schang SJ, Pepine CJ. Transient asymptomatic S-T segment depression during 
daily activity. Am J Cardiol 1977;39:396—-402. 

2. Rocco MB, Nabel EG, Campbell S, Goldman L, Barry J, Mead K, Selwyn. 
Prognostic importance of myocardial ischemia detected by ambulatory monitor- 
ing in patients with stable coronary artery disease. Circulation 1 988;78:877-884. 
3. Cohn PF. Silent myocardial ischemia. Ann Intern Med 1988;109:312-317. 

4. Weiner DA, Ryan TJ, Mccabe CH, Luk S, Chaitman BR, Sheffield T, Tristani 
F, Fisher LD. Significance of silent myocardial ischemia during exercise testing in 
patients with coronary artery disease. Am J Cardiol 1987 ;59:7 25-729. 

5. Kannel WB, Abbott DR. Incidence and prognosis of unrecognized myocardial 
infarction: an update on the Framingham study. N Engl J Med 1984;311:1144- 
1147. 

6. Gottlieb SO, Weisfeldt ML, Ouyang P, Mellits ED, Gerstenblith G. Silent 
ischemia as a marker for early unfavorable outcomes in patients with unstable 
angina. N Engl J Med 1986;314:1214-1219. 

7. Nademanee K, Intarachot V, Josephson MA, Rieders D, Mody FV, Singh BN. 
Prognostic significance of silent myocardial ischemia in patients with unstable 
angina. JACC 1987;1:1-9. 

8. Theroux P, Waters DD, Halphen C, Devaisieuyx J-C, Mizgala HF. Prognostic 
value of exercise testing soon after myocardial infarction. N Engl J Med 
1979;301:341-345. 

9. Gottlieb SO, Gottlieb SH, Achuff SC, Baumgardner R, Mellits ED, Weisfeldt 
ML, Gerstenblith G. Silent ischemia on Holter monitoring predicts mortality in 
high-risk postinfarction patients. JAMA 1988;259:1030-1035. 

10. Pipberger HV, Arzbaecher RC, Berson AS, Briller SA, Brody DA, Flowers 
NC, Geselowitz DB, Lepeschkin E, Oliver GC, Schmitt OH, Spach M. AHA 
committee report: recommendations for standardization of leads and of specifica- 
tions for instruments in electrocardiography and vectorcardiography. Circulation 
1975;52(suppl ID):II-11-1I-31. 

11. Cohn PF, Kannel WB. Recognition, pathogenesis, and management options 
in silent coronary artery disease. Circulation 1987,75(suppl)1L:11-54. 

12. Imperi GA, Lambert CR, Coy K, Lopez L, Pepine CJ. Effects of titrated beta 


1096 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


i T^ re | ext it t 


Pa 








blockade (metoprolol) on silent myocardial ischemia in ambulatory patients with 
coronary artery disease. Am J Cardiol 1987,60:519-524. 

13. Quyyumi AA, Wright C, Mockus L, Fox KM. Effect of partial agonist 
activity in beta blockers in severe angina pectoris: a double blind comparison of 
pindolol and atenolol. Br Med J 1984;289:951-953. 

14. Quyyumi AA, Wright C, Mockus L, Shackell M, Sutton GC, Fox KM. 
Effects of combined alpha and beta adrenoceptor blockade in patients with angina 
pectoris: a double blind study comparing labetalol with placebo. Br Heart J 
1985;53:47-52. 

15. Deanfield JE, Maseri A, Selwyn AP, Ribeiro P, Chierchia S, Krikler S, 
Morgan M. Myocardial ischaemia during daily life in patients with stable angina: 
its relation to symptoms and heart rate changes. Lancet 1983;2:753-758. 

16. Mulcahy D, Keegan J, Crean P, Quyyumi A, Shapiro L, Wright C, Fox K. 
Silent myocardial ischaemia in chronic stable angina: a study of its frequency and 
characteristics in 150 patients. Br Heart J 1988;60:417-423. 

17. Cohn PF, Vetrovec GW, Nesto R, Gerber FR, and the total ischemia 
awareness program investigators. The Nifedipine-Total Ischemia Awareness Pro- 
gram: a national survey of painful and painless myocardial ischemia including 
results of antiischemic therapy. Am J Cardiol 1989;63:534-539. 

18. Campbell S, Barry J, Rocco MB, Nabel EG, Mead-Walters K, Rebecca GS, 
Selwyn AP. Features of the exercise test that reflect the activity of ischemic heart 
disease out of hospital. Circulation 1986;74:7 2-80. 

19. Participants of the veterans administration cooperative study of surgery for 
coronary arterial occlusive disease. Relation of severity of symptoms to prognosis 
in stable angina pectoris. Am J Cardiol 1984;54:988-993. 

20. Cohn PF, Harris P, Barry WH, Rosati RA, Rosenbaum P, Waternaux C. 
Prognostic importance of anginal symptoms in angiographically defined coronary 
artery disease. Am J Cardiol 1981,47:233-237. 

21. Brandernburg RO. Clinical problems relevant to sudden death: relation and 
independence of angina pectoris and sudden death in persons with coronary 
atherosclerotic heart disease. JACC 1985;5:167B-174B. 

22. Muller JE, Tofler GH, Stone PH. Circadian variation and triggers of onset of 
acute cardiovascular disease. Circulation 1989;79:733-743. 

23. Muller JE, Stone PH, Turi ZG, Rutherford JD, Czeisler CA, Parker C, Poole 
WK, Passamani E, Roberts R, Robertson T, Sobel BE, Willerson JT, Braunwald 
E, and the MILIS Study Group. Circadian variation in the frequency of onset of 
acute myocardial infarction. N Engl J Med 1985;313:1315-1322. 

24. Muller JE, Ludmer PL, Willich SN, Tofler GH, Aylmer G, Klangos I, Stone 
PH. Circadian variation in the frequency of sudden cardiac death. Circulation 
1987 ;75:131-137. 

25. Willich SN, Levy D, Rocco MB, Tofler GH, Stone PH, Muller JE. Circadian 
variation in the incidence of sudden cardiac death in the Framingham heart study 
population. Am J Cardiol 1987;60:801—806. 

26. Rocco MB, Barry J, Campbell S, Nabel E, Cook EF, Goldman L, Selwyn AP. 
Circadian variation of transient myocardial ischemia in patients with coronary 
artery disease. Circulation 1987 ;75:395-—400. 







ia T. 








n 
d 
É 
\ 
ae . , pA ^. wi q 9 
‘+ Y ' he " EP s . ` 
z - ^ , 
e* ^as sont , 
^ , 
^ 
> 
, 


Fk Tu re n ^ 


D ^. 





eb 


PURITAN" 


(Canola oil) 


6% 








ent of sa 


d fat co 
"& Gamble a 

























Now, more and more 
cardiologists recommend 
PURITAN’ Oil as part of a 
heart-healthy diet. 


PURITAN is only 6% saturated 
fat—lower than all other types of 
oil, even corn, olive, and safflower. 
Switching to PURITAN is one 
small step your patients can take 
toward reducing saturated fat in 
their diets. For patient education 
materials on more small steps 
toward heart-healthy eating, just 
call 1-800-446-0767 or write to: 


PURITAN Oil Small Steps Program 
DataType International 

145 East 57th Street 

New York, NY 10022 
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Easier hand injections. 


Nonionic, low-osmolality OPTIRAY. 320 
ioversol injection 68%) has a significant- 
y lower viscosity than either iopamidol- 
370 or iohexol-350, a viscosity that can 
make a noticeable difference in ease of 
3and injections. 


OPTIRAY 320 provides overall diag- 
10Stic quality equivalent to iopamidol- 
370 and diatrizoate-370 in coronary arteri- 
ography and left ventriculography with 
14% less iodine.** 


Recent reports indicate a relationship 
)yetween nephrotoxicity and the dosage of 
sontrast media and iodine delivered.?^ So 
he lower concentration of OPTIRAY 320 
)rovides a means for reducing the amount 
of iodine administered in a diagnostic study. 
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DESCRIPTION: Each milliliter of OPTIRAY 160 (ioversol injection 
34%) provides 339 mg of ioversol with 3.6 mg of tromethamine as a buffer 
and 0.2 mg of edetate calcium disodium as a stabilizer. OPTIRAY 160 pro- 
vides 16% (160 mg/mL) organically bound iodine. 

Each milliliter of OPTIRAY 240 (ioversol injection 51%) provides 509 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 240 provides 24% (240 mg/mL) 
organically bound iodine. 

Each milliliter of OPTIRAY 320 (ioversol injection 68%) provides 678 mg 
of ioversol with 3.6 mg of tromethamine as a buffer and 0.2 mg of edetate 
calcium disodium as a stabilizer. OPTIRAY 320 provides 32% (320 mg/mL) 
organically bound iodine. 


CONTRAINDICATIONS: None. 


WARNINGS: Nonionic iodinated contrast media inhibit blood 
Coagulation, in vitro, less than ionic contrast media. Clotting has been re- 
ported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
tion and stroke have been reported during angiographic procedures with 
both ionic and nonionic contrast media. Therefore, meticulous intra- 
vascular administration technique is necessary, particularly during angio- 
gone procedures, to minimize thromboembolic events. Numerous 
actors, including length of procedure, catheter and syringe material, un- 
derlying disease state and concomitant medications may contribute to the 
development of thromboembolic events. For these reasons, meticulous 
angiographic techniques are recommended including close attention to 
guidewire and catheter manipulation, use of manifold systems and/or 
three-way stopcocks, frequent catheter flushing with heparinized saline 
solutions and minimizing the length of the procedure. The use of plastic 
syringes in place of glass syringes has been reported to decrease but not 
eliminate the likelihood of in vitro clotting. 

Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be com- 
pletely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
permanent paralysis, can occur following cerebral arteriography, selective 
Spinal arteriography and arteriography of vessels supplying the spinal cord. 
A cause-effect relationship to the contrast medium has not been established 
since the patients’ pre-existing condition and procedural technique are 
causative factors in themselves. The arterial injection of a contrast medium 
should never be made following the administration of vasopressors since 
they strongly potentiate neurologic effects. 

Caution must be exercised in patients with severely impaired renal 
function, combined renal and hepatic disease, severe thyrotoxicosis, 
myelomatosis, or anuria, particularly when large doses are administered. 

Intravascularly administered iodine-containing radiopaque media are 
potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither 
the contrast agent nor dehydration has been proved separately to be the 
cause of anuria in myelomatous patients, it has been speculated that the 
combination of both may be causative. The risk in myelomatous patients is 
not a contraindication to the procedure; however, special precautions, 
including maintenance of normal hydration and close monitoring. are 
required. Partial dehydration in the preparation of these patients prior 
to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 
of having pheochromocytoma should be performed with extreme caution. 
If, in the opinion of the physician, the possible benefits of such procedures 
outweigh the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
be available. 

Contrast media may promote sickling in individuals who are homozygous 
for sickle cell disease when administered intravascularly. 

Reports of thyroid storm following the intravascular use of iodinated 
radiopaque agents in patients with hyperthyroidism or with an auton- 
omously functioning thyroid nodule, suggest that this additional risk be 
evaluated in such patients before use of any contrast medium. 


PRECAUTIONS: General: Diagnostic procedures which involve the 
use of iodinated intravascular contrast agents should be carried out under 
the direction of personnel skilled and experienced in the particular pro- 
cedure to be performed. A fully equipped emergency cart, or equivalent 
Supplies and equipment, and personnel competent in recognizing and treat- 
ing adverse reactions of all types should always be available. Since severe 
delayed reactions have been known to occur, emergency facilities and com- 
petent personne! should be available for at least 30 to 60 minutes after 
administration. 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible non-diabetic patients (often elderly with pre-existing renal 
disease). Patients should be well hydrated prior to and following the 
administration of OPTIRAY. 

The possibility of a reaction, including serious, life-threatening, fatal, 
anaphylactoid or cardiovascular reactions, should always be consid- 
ered (See ADVERSE REACTIONS). Increased risk is associated with a his- 
tory of previous reaction to a contrast medium, a known sensitivity to iodine 
and known allergies (i.e., bronchial asthma, hay fever and food allergies) or 
hypersensitivities. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous to the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, priorto the injection of any contrast medium, may be more 
accurate than pretesting in predicting potential adverse reactions. A posi- 
tive history of allergies or hypersensitivity does not arbitrarily contrain- 
dicate the use of a contrast agent when a diagnostic procedure is thought 
essential, but caution should be exercised. Premedication with antihis- 
tamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. Reports indicate that such pretreat- 
ment does not prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. 

~ General anesthesia may be indicated in the performance of some proce- 
dures in selected patients; however, a higher incidence of adverse reactions 
has been reported in these patients, and may be attributable to the inability 
of the patient to identify untoward symptoms or to the hypotensive effect 
of anesthesia which can prolong the circulation time and increase the dura- 
tion of exposure to the contrast agent. 

In angiographic procedures, the possibility of dislodging plaques or 
damaging or perforating the vessel wall should be considered during cathe- 
ter manipulations and contrast medium injection. Test injections to insure 
proper catheter placement are suggested. 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism. 

Patients with congestive heart failure should be observed for sev- 
eral hours following the procedure to detect delayed hemodynamic 
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.— disturbances which may be associated with a transitory increase in - 


the circulating osmotic load. 

Selective coronary arteriography should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are, 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: It is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants, caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions following the use 
of OPTIRAY formulations are usually mild to moderate, of short duration 
and resolve spontaneously (without treatment). However, serious. 
life-threatening and fatal reactions, mostly of cardiovascular origin, have 
been associated with the administration of iodine-containing contrast 
media. 

Injections of contrast media are often associated with sensations of 
warmth and pain. In controlled double-blind clinical studies, significantly 
less warmth and pain were associated with the injection of OPTIRAY than 
with iothalamate meglumine, diatrizoate meglumine, and diatrizoate meg- 
lumine and diatrizoate sodium. 

When OPTIRAY 320 is used for coronary arteriography and ventriculog- 
raphy in double-blind clinical trials, electrocardiographic and hemodynamic 
changes occur with less frequency and severity with ioversol injection than 
with diatrizoate meglumine and diatrizoate sodium. 

Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude, ST depression and ST elevation 

OPTIRAY has also been shown to cause fewer changes in cardiac func- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure. 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 
adverse reactions which were coincidental to the administration of ioversol 
regardless of their direct attributability to the drug or the procedure. 
Adverse reactions are listed by organ system and in decreasing order of 
occurrence. Significantly more severe reactions are listed before others in a 
system regardless of frequency. 


Adverse Reactions 
System > 196 <1% 


Cardiovascular none angina pectoris 
hypotension 
vascular spasm 
bradycardia 
conduction defect 
false aneurysm 
hypertension 
transient arrhythmia 


vascular trauma 


nausea 
vomiting 
cerebral infarct 
headache 
blurred vision 
vertigo 
lightheadedness 
vasovagal reaction 
disorientation 
dysphasia 
paresthesia 
visual hallucination 
laryngeal edema 
nasal congestion 
sneezing 
coughing 
hypoxia 
periorbital edema 
urticaria 
facial edema 
flush 
pruritus 
extravasation 
shaking chills 
bad taste 
general pain 

Regardless of the contrast medium employed, the overall incidence of 
serious adverse reaction is higher with coronary arteriography than with 
other procedures. Cardiac decompensation, serious arrhythmias, myocar- 
dial ischemia or myocardial infarction may occur during coronary 
arteriography and left ventriculography. 

General Adverse Reactions to Contrast Media 

The following adverse reactions are possible with any parenterally admin- 
istered iodinated contrast medium. Severe life-threatening reactions and 
fatalities, mostly of cardiovascular origin, have occurred. Most deaths 


Digestive none 


Nervous none 


Respiratory none 


Skin 


none 


Miscellaneous none 
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diac arrest with cardiovascular disease as the main aggravating factor. Iso- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the administration of 
conventional iodinated contrast agents A from 6.6 per 1 million 
(0.00066 percent) to 1 in 10.000 patients (0.01 percent). 

The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
Susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two categories: 
chemotoxic reactions and woh ty iit reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions afe 
self-limited and of short duration: the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions, aphasia, syncope, paralysis, 
visual field losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis, disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and bronchospasm, pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness, coma, severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia. temporary anuria or other nephropathy. 

Other reactions may also occur with the use of any contrast agent as a 
consequence of the procedural hazard; these include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
lary artery injections, chest pain, myocardial infarction, and transient 
changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
of arterial plaques. venous thrombosis. dissection of the coronary vessels 
and transient sinus arrest are rare complications. 

In cerebral arteriography, cardiovascular reactions that may occur with 
some frequency are bradycardia and either an increase or decrease in 
systemic blood pressure. Neurological reactions that may occur are: 
seizures, drowsiness. transient paresis, and mild disturbances in vision. 

Central nervous system reactions with OPTIRAY in controlled clinical 
studies in cerebral arteriography that occurred with frequencies greater 
than 1% were: vertigo (494) and blurred vision (3%). 

In aortography, depending on the technique employed, the risks of this 
procedure also include the following: injury to the aorta and neighboring 
organs, pleural puncture. renal damage including infarction and acute tubu- 
lar necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
Circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery Obstruction. abdominal compression, hypotension, hypertension, 
Spinal anesthesia. and injection of vasopressors to increase contrast. In 
these patients the concentration, volume, and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 

Entry of a large aortic dose into the renal artery may cause, even in 
the absence of symptoms. albuminuria, hematuria, and an elevated creat- 
del. and urea nitrogen. Rapid and complete return of function usually 

ollows. 

Cardiovascular system reactions with OPTIRAY in controlled clinical 
Studies in coronary arteriography with left ventriculography that occurred 
with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 


Cerebral Arteriography 

Extreme caution is advised in patients with advanced arteriosclerosis, 
severe hypertension, cardiac decompensation, senility, recent cerebral 
thrombosis or embolism. and migraine. 


Peripheral Arteriography 

Pulsation should be present in the artery to be injected. In thromboan- 
giitis obliterans, or ascending infection associated with severe ischemia. 
angiography should be performed with extreme caution, if at all. 


Coronary Arteriography and Left Ventriculography 

Mandatory prerequisites to the procedure are specialized personnel, ECG 
monitoring apparatus and adequate facilities for immediate resuscitation 
and cardioversion. Electrocardiograms and vital signs should be routinely 
monitored throughout the procedure. 


Venography 

Special care is required when venography is performed in patients with 
suspected thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. In order to minimize extravasation 
during injection, fluoroscopy is recommended. 


OVERDOSAGE: The adverse effects of overdosage are life- 
threatening and affect mainly the pulmonary and cardiovascular system. 
Treatment of an overdosage is directed toward the support of all vital 
functions, and prompt institution of symptomatic therapy. 

loversol does not bind to plasma or serum protein and is therefore. 
dialyzable. 

The intravenous LDso values (gl/kg) for ioversol in animals were: 
17 (mice), and 15 (rats). 


DOSAGE AND ADMINISTRATION: Details on dosage 


are provided in the package insert. CONSULT FULL PACKAGE INSERT 


BEFORE USE. 
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Once-a-Day 


Procardia 


(nifedipine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 
The convenience of 
a once-a-day calcium channel blocker 


Now available for your patients 


taking PROCARDIA’ capsules 
(nifedipine) 





The effectiveness you expect from nifedipine for a full 24 hours 
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nifedipine PROCARDIA XL PROCARDIA XL 
e Double-blind, randomized, placebo-controlled, dose-response study. Patients 
were randomized to receive one of four treatments: PROCARDIA XL at a dose 
, , à a of 30, 60 or 90 mg qd plus beta blocker or placebo plus beta blocker. Exercise 
Fourteen week, open-label, crossover trial to compare the efficacy and dose testing was performed at 8 and 24 hours post dose at the end of a 2-week 
equivalence of nifedipine capsules (weeks 1 and 2) vs PROCARDIA XL baseline phase and a 2-week efficacy phase. (Reported by Bittar N 
(weeks 3-14) in 98 patients with chronic stable angina who had been on Am J Cardiol, 1989.3) ` 
nifedipine capsules at least one month prior to the study. Patients were switched ý i 
to the nearest equivalent daily dose over the dose range of 30-150 mg/day. Baseline time to angina was 290 sec. Baseline by dosage: 30 mg—269 sec; 
Ninety-five patients were crossed over to receive PROCARDIA XL; 91 of these were 60 mg—314 sec; 90 mg—254 sec. At the end of the efficacy phase, exercise - 
evaluated for efficacy. The majority remained on beta blockers and/or nitrates induced angina was present in 38 of 46 patients randomized to PROCARDIA XL 
throughout the study. (Reported by Vetrovec GW et al, Am J Med, 1987.) and in 14 of 17 patients randomized to placebo. Patient population was pre- 
" " : i À dominantly white. (Data on file. Medical Department, Pfizer Labs, Pfizer Inc ?) 
Patients were of different races. (Data on file. Medical Department, Pfizer Labs, 
Pfizer Inc *) 


With a low incidence of vasodilatory side effects? 


% INCIDENCE OF ADVERSE EXPERIENCES IN ANGINA PATIENTS? 


e The most common side effects are 
peripheral edema, which is not associated 
with Fluid retention, and headache 


In controlled studies of 776 patients 
with PROCARDIA XL, edema resulted in 
discontinuation of therapy in 2.796 

of patients? 


Percentage 





Edema Headache Dizziness Palpitations Flushing Tachycardia 


Data obtained from multiple controlled trials of PROCARDIA XL (30-150 mg qd) 
in 172 patients with angina. (Data on file. Medical Department, Pfizer Labs, 
Pfizer Inc ?) 


© 1990, Pfizer Inc Please see brief summary of prescribing information on adjacent page. 








Once-a-Day 


Procardia XL 


(nifedipine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 


Easy mg-for-mg 
switch to convenient, 
once-daily dosing 


e Over 90% of angina patients controlled on nifedipine 
capsules were easily switched to and controlled on 
PROCARDIA XL Extended Release Tablets at the 
nearest equivalent total daily dose; others needed 
dosage adjustment? 
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| One 30-mg 
PROCARDIA XL 
One 10-mg Extended Release 
nifedipine capsule tid Tablet qd 
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4 One 60-mg 
PROCARDIA XL 
One 20-mg Extended Release 
nifedipine capsule tid Tablet qd 
Brief Summa 
PROCARDIA XL nifedipine) Extended Release Tablets For Oral Use 


CONTRAINDICATIONS: Known hypersensitivity reaction to ee | 
WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modest and well tolerated, 
occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration 
or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant beta blockers 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a 
beta-blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. The interaction with high dose 
fentanyl appears to be due to the combination of nifedipine and a beta blocker, but the possibility that it nay occur with nifedipine alone, 
with low doses of fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled out. In nifedipine-treated 
patients where surgery using high dose fentanyl anesthesia is contemplated, the physician should be aware of these potential problems 
m if the patient's condition permits, sufficient time (at least 36 hours) should be allowed for nifedipine to be washed out of the body prior 

0 Surgery. 

The following information should be taken into account in those patients who are being treated for hypertension as well as angina 
Increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- 
ease, have developed well documented increased frequency, duration and/or severity of angina or acute myocardial infarction on starting 
nifedipine or at the time of dosage increase. The mechanism of this effect is not established. 
Beta Blocker Withdrawal: It is important to noe beta blockers if possible, rather than sopping tham abruptly before beginning nifedi- 
pine. Patients eel withdrawn from beta blockers may develop a withdrawal syndrome with increased angina. probably related to 
— sensitivity x catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occasion has been 
reported to increase i 
Congestive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning nitodipine. 
Patients with tight aortic stenosis may be at greater risk for such an event, as the unloading effect of nifedipine would be expected to be 
of less benefit to those patients, owing to their fixed impedance to flow across the aortic vaive. 

AUTIONS: General—Hypotension: Because nifedipine decreases peripheral vascular resistance, careful monitoring of blood 
pressure during the initial administration and titration of nifedipine is suggesteg Close observation is especially recommended for 
patients already taking medications that are known to lower blood pressure. (See WARNINGS.) - 

ripheral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from approxi- 

mately 10% to about 30% at the highest dose studied (180 mg). It is a localized phenomenon thought to be associated with vasodilation 
of dependent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid retention. With patients 
whose angina or hypertension is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from 
the effects of increasing left ventricular dysfunction j , 
Laboratory Tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phosphatase CPK, LDH, 
SGOT, and SGPT have been noted. The relationship to nifedipine therapy is uncertain in most cases, but probable in some. These labora- 
tory abnormalities have rarely been associated with clinical symptoms; however. cholestasis with or without jaundice has been reported. 
Asmall Ae increase in mean alkaline phosphatase was noted in patients treated with PROCARDIA XL. This was an isolated finding not 
associated with clinical symptoms and it rarely resulted in values which fell outside the normal range. Rare instances of allergic hepatitis 
have been reported. In controlled studies, PROCARDIA XL did not adversely affect serum uric acid, glucose, or cholesterol. Serum 
potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy. and slightly decreased in 
patients receiving concomitant diuretics 

Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demonstrated a 
moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine patients. This is 
thought to be a function of inhibition of calcium transport across the platelet membrane. No clinical significance for these findings has 
been demonstrated 

Positive direct Coombs test with/without hemolytic anemia has been nou but a causal relationship between nifedipine adminis- 
tration and positivity of this laboratory test. including hemolysis, could not be determined 

Although nifedipine has been used safely in patients with renal dysfunction and has been reported to exert a beneficial effect in certain 
cases, rare reversible elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic rena! insufficiency. 
The relationship to nifedipine therapy is uncertain in most cases but probable in some 
Drug Interactions—Beta-adrenergic blocking agents: (See WARNINGS) Experience in over 1400 patients with Procardia* capsules in a 
noncomparative clinical trial has shown that concomitant administration of nifedipine and beta-blocking agents is usually well tolerated 
but there have been occasional literature reports suggesting that the combination may increase the likelihood of congestive heart failure, 
severe paienn, or exacerbation of angina 

Long cung Nitrates: Nifedipine may be Safely co-administered with nitrates, but there have been no controlled studies to evaluate the 
antianginal effectiveness of this combination 

Digitalis: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average increase 
was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary artery disease. In an uncontrolled 
study of over two hundred patients with ies se heart failure during which digoxin blood levels were not measured, digitalis toxicity 
was not observed. Since there have been isolated reports of patients with elevated digoxin levels, it is recommended that digoxin levels 
be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or under-digitalization 

Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak dep plasma levels (80%) and area-under- 
the-curve (74%), after a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. Ranitidine produced smaller, 
non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic cytochrome P-450, the enzyme 
system probably responsible for the first-pass metabolism of nifedipine. If nifedipine therapy is initiated in a patient currently receiving 
cimetidine, caufious titration is advised 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Nifedipine was administered orally to rats, for two eel and was not shown to 
be carcinogenic. When given to rats prior to meag nifedipine caused reduced fertility at a dose approximately 30 times the maximum 
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recommended human dose. /n vivo mutagenicity studies were negative 





Switch From Nifedipine Capsules to PROCARDIA XL 
Extended Release Tablets 


Capsules XL Tablets 

30-40 mg/day in divided doses — 30 mg once a day 
50—70 mg/day in divided doses — 60 mg once a day 
80—100 mg/day in divided doses — 90 mg once a day 








* Subsequent dosage adjustments may be necessary 
and should be initiated as clinically warranted 


* The total daily dose can be given with multiple tablets 
once a day, such as two 60-mg PROCARDIA XL 
Extended Release Tablets to equal 120-mg total daily 
dose 


* Experience with doses >90 mg in patients with 
angina is limited; therefore, doses >90 mg should be 
used with caution and only when clinically warranted 
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Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats when given in doses 30 times the maximum 
recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted forms 
increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommended 
human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small placentas and 
underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation of progeny. There 
are no adequate and well controlled studies in progran women. PROCARDIA XL* (nifedipine) Extended Release Tablets should be used 
durin RE nancy only if the potential benefit justifies the potential risk to the fetus. l 
ADVERSE EXPERIENCES: Over 1000 patients from both controlled and open trials with PROCARDIA XL Extended Release Tablets in 
Bypertension and angina were included in the evaluation of adverse experiences. All side effects reported during PROCARDIA XL 
Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effect 
reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 10% to about 30% at the 
highest dose studied (180 mg). Other common adverse experiences reported in placebo-controlled trials include’ headache (15.8%, 
compared to 9.8% placebo incidence), fatique bin compared to 4.1% placebo incidence), dizziness (41%, compared to 4.5% placebo 
incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, compared to 19% placebo incidence). Of 
these, only edema and headache were more common in PROCARDIA XL patients than placebo patients. 

_ The following adverse reactions occurred with an incidence of less than 3.0%. With the exception of leg cramps, the incidence of these 
side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain; cardiovascular: palpitations; central 
nervous system: insomnia, nervousness, paresthesia, somnolence; dermatologic: pruritus, rash; gastrointestinal: abdominal pain, 
diarrhea, dry mouth, Capena, flatulence; musculoskeletal: arthralgia, leg cramps; respiratory: chest pain (nonspecific), dyspnea; 
urogenital: impotence, polyuria 

ther adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic: face 
edema, fever, hot flashes, malaise, periorbital edema, rigors: cardiovascular: arrhythmia, ig mater oh increased angina, tachycardia, 
syncope: central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesia, migraine, paroniria, tremor, 
vertigo; dermatologic onec, increased sweating, urticaria, purpura; gastrointestinal: eructation, gastroesophageal reflux, gum 
hyperplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout, mops respiratory: coughing, epistaxis, upper 
respiratory tract infection, respiratory disorder, sinusitis; special senses abnormal lacrimation, abnormal vision, taste perversion, 
tinnitus; urogenital: reproductive: breast pain, dysuria, hematuria, nocturia 

te experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
medications 

In multiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
adverse effects were frequent but generally not serious and rarely required discontinuation of therapy or dosage adjustment. Most were 
expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-controlled trials include: dizzi- 
ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence); f ushing, heat sensation (25%, compared to 8% 
placebo incidence). headache (23%, compared to 20% placebo incidence); weakness (12%, compared to 10% placebo incidence); 
nausea, heartburn (11%, compared to 8% placebo incidence); muscle cramps, tremor (8%, compared to 3% placebo incidence 
peripheral edema (7%, compared to 1% placebo incidence); nervousness, mood changes (7%, compared to 4% placebo incidence 
palpitation (7%, compared to 5% placebo incidence); dyspnea, cough, and wheezing (6%, compared to 3% placebo incidence). and 
nasal congestion, sore throat (6%, compared to 8% placebo incidence) 

There is also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastic or 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
adverse events were similar in nature to those seen with PROCARDIA XL 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurred in about 4% 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances each 
occurred in fewer than 0.5% of patients 

In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker horapy the pattern and incidence of adverse 
experiences was not different trom that of the entire group of Procardia treated patients (See P CAUTIONS.) 

n a subgroup of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or «peel 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patients. 
pepe occurred in pee one patient in 250. Myocardial infarction or symptoms of congestie heart failure each occurred in 
about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 15 


More detailed professional information available on request. € 1989, Pfizer Inc 
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Effects of Nifedipine on Myocardial Perfusion 
During Exercise in Chronic Stable 
Angina Pectoris 
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Nifedipine may be effective in the treatment of 
stable angina by both decreasing myocardial oxy- 
gen demand and increasing myocardial oxygen 
supply. To determine the mechanism of action of 
nifedipine and its dose-response relation, 14 pa- 
tients with stable angina were treated with nifedi- 
pine 10, 20 and 30 mg 4 times daily as single- 
agent therapy in a double-blind, randomized, 
placebo-controlled crossover trial. Treatment was 
continued for 1 week on each dose regimen and ef- 
ficacy was determined using an exercise test at the 
end of each phase. Compared to placebo, a signifi- 
cant decrease of systolic blood pressure at peak ex- 
ercise occurred with the nifedipine 20- and 30-mg 
regimens (p <0.05), accompanied by an increase in 
heart rate on the 10- and 20-mg regimens (p 
<0.005). There was no significant effect on the 
rate-pressure product compared to placebo at any 
exercise time on any of the nifedipine regimens. 
The times to onset of ST-segment depression and 
to angina were delayed significantly by all 3 dose 
regimens compared to placebo (p <0.02). There 
was a significant decrease in the magnitude of ST- 
segment depression at all exercise times by all dos- 
age schedules of nifedipine compared with placebo 
(p <0.05), although there were no significant dif- 
. ferences among the 3 dosage schedules. Data indi- 

cate that since nifedipine was effective in improving 
manifestations of myocardial ischemia during exer- 
cise without altering the double product at submax- 
imal or maximal exercise, its beneficial mechanism 
of action may have been due to enhancing blood 
flow to ischemic zones or to favorably altering 
determinants of myocardial oxygen demand, which 
were not measured. 

(Am J Cardiol 1990;65:1097-1101) 
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ally centered on decreasing myocardial oxygen de- 

mand. This approach is derived from the concept 
that stable angina is caused by a static phenomenon, 
i.e., a fixed plaque in a large epicardial coronary artery, 
which results in a fixed decrease in coronary flow re- 
serve.! Several investigators have suggested that a dy- 
namic component also exists in many of these patients, 
whereby episodic vasoconstriction results in a varying 
coronary flow reserve, which at times results in provoca- 
tion of angina at lower levels of myocardial demand and 
physical work than at other times.^? Nifedipine has 
been shown to be effective therapy for Prinzmetal’s var- 
iant angina by relieving coronary spasm? and, in some 
studies, by improving exercise performance in classic 
exertional angina by decreasing myocardial oxygen de- 
mand."-? If coronary vasoconstriction is involved in ex- 
ertional angina, however, then the mechanism of action 
of nifedipine in such patients may involve both decreas- 
ing the demand for oxygen and improving coronary sup- 
ply. This protocol was designed to study the mechanism 
of action of nifedipine in patients with exertional angina 
and to evaluate its dose-response relation. 


T's of stable angina pectoris has tradition- 


METHODS 

Patients: Patients with stable exertional angina and 
a positive exercise treadmill test (20.1 mV horizontal 
or downsloping ST-segment depression) were selected 
as candidates if they satisfied the following criteria: cor- 
onary angiography showing an obstruction 270% in a 
major coronary artery or history of myocardial infarc- 
tion; stable pattern of exertional angina; an age of 21 to 
70 years; women beyond childbearing potential; and 
those who could be withdrawn from all antiischemia 
medication other than sublingual nitroglycerin as need- 
ed. Patients were excluded from the study if they had 
any of the following: malignant ventricular arrhythmias; 
myocardial infarction within 1 month; other forms of 
heart disease; refractory congestive heart failure; uncon- 
trolled hypertension; or total exercise time and time to 
onset of 21.0 mm ST-segment depression and angina 
on 2 baseline exercise tests that varied by >15% of each 
other while only taking single-blind placebo. 

Study protocol: Patients satisfying entry criteria 
were withdrawn from all antiischemic medications ex- 
cept sublingual nitroglycerin as needed. After perform- 
ing the 2 baseline exercise tests on single-blind placebo, 
they advanced to a nifedipine dose-safety check, which 
consisted of the single-blind administration of nifedipine 
10, 20 and 30 mg 4 times daily for 2 days at each dose. 
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Blood pressure, heart rate and symptoms were moni- 
tored on each dose and those patients who did not devel- 
op adverse effects advanced into the double-blind, ran- 
domized crossover phase. This phase consisted of 4 one- 
week periods during which each dose of nifedipine or 
placebo was randomly assigned and administered as sin- 
gle-agent therapy at a 4 times daily schedule. Each 
week consisted of 2 days washout on placebo followed 
by 5 days of a blinded dose of active nifedipine or place- 
bo. At the end of each week, an exercise treadmill test 
was performed within 60 to 70 minutes after the pa- 
tient’s first morning dose. 

Exercise treadmill testing: Treadmill testing was 
performed with a modified Balke protocol using 3-min- 
ute graduated stages. Stage I consisted of 2.0 mph with 
a 3% grade. Subsequent stages were all done at 3.3 mph 
with 3% increases in grade from stage I onward. At 
each minute a standard 12-lead electrocardiogram was 
obtained at 25 mm/s paper speed and notation was 
made of blood pressure and heart rate. Measurement of 
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(mm Hg) 
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FIGURE 1. Dose response of heart rate, systolic blood 
pressure and double product during exercise at each dos- 
age regimen. Solid line indicates exercise duration that all 
patients exercised on each dosage schedule. Since not all 
patients exercised for same duration, dotted continuation 
line indicates exercise characteristics of patients who con- 
tinued exercise after other patients stopped. Heart rate 
was mildly increased by all 3 doses compared to placebo 
during first stage of exercise (p <0.05), but was unaffected 
by any dose at later stages of exercise. Systolic blood pres- 
sure was reduced only by 30-mg regimen throughout 
entire protocol (p «0.05). None of the regimens decreased 
double product at any time. 
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ST-segment depression was made by direct visual as- 
sessment without magnification. Times to onset of angi- 
na and ischemic ST-segment depression (20.1 mv hori- 
zontal or downsloping depression) were recorded in sec- 
onds. All exercise tests were symptom-limited. 

Statistical analysis: Data from all 14 patients who 
completed the study were used. The calculations were 
performed for placebo and the nifedipine 10-, 20- and 
30-mg schedules. Two of the 14 patients did not per- 
form the exercise test during the 30-mg schedule due to 
adverse effects and only 12 patients are included in the 
analysis for that dosage schedule. 

Improvement in performance with increasing nifedi- 
pine dose was tested using the Student : test for ST- 
segment depression, rate-pressure product (double prod- 
uct), heart rate and systolic blood pressure. The Wil- 
coxon signed rank test was used for comparing different 
doses for the times to onset of angina and the times to 
onset of ST-segment depression. Absence of either angi- 
na or ST-segment depression in any comparison be- 
tween 2 doses was processed as a tie (Wilcoxon test). A 
p value «0.05 was considered statistically significant. 

Different patients did not achieve the same magni- 
tude of double product increase or ST-segment depres- 
sion during exercise on the different dosage schedules. 
Such a large variation of observed values for these 2 
endpoints severely limited the range over which mean- 
ingful comparisons of induced ischemia between pa- 
tients and dosages could be made. These 2 endpoints 
were therefore standardized for each patient using the 
maximum values of ST-segment depression and double 
product observed on any regimen as his 10096 reference 
point. All other values for the individual patient on the 
different dosage schedules were expressed as a percent 
fraction of the maximum value. The most complete and 
meaningful comparisons of induced ischemia could be 
made on that percentile of double product and ST-seg- 
ment depression achieved by each patient on each dos- 
age schedule. Since all patients achieved at least 50% of _ 
their maximally observed values on each dosage sched- 
ule, the statistical comparison of induced ischemia 
among all patients and all dosage schedules was made 
on values up to the fiftieth percentile. 


RESULTS 

Study population: A total of 23 patients were 
screened for this study; 8 withdrew during the dose- 
safety check and 1 did not show agreement of the 2 
screening exercise tests. Fourteen white men, mean age 
57 years (range 38 to 67) completed the study. Previous 
medical treatment included 8 blockers in 7, calcium an- 
tagonists in 2 and nitrates in 3. Two of these patients 
had previously been taking both 8 blockers and nitrates 
and 2 were previously taking combination 8 blockers 
and calcium blockers. Two patients had previous coro- 
nary artery bypass surgery, none had previous coronary 
angioplasty and 3 had a previous myocardial infarction. 
The average anginal attack rate for the 2 weeks before 
entry was 2 + 2/week (mean + standard deviation, 
range 0 to 5.5 episodes). All patients tolerated the 10 
and 20-mg 4 times daily schedule well; 2 patients did 

















not tolerate the 30-mg schedule because of the develop- 
ment of hypotension with an exacerbation of angina. 

Dose-response effect of nifedipine on systolic blood 
pressure, heart rate and double product: At rest there 
was a significant increase in heart rate at the 10-mg 
dose of nifedipine, but no significant effect on the systol- 
ic blood pressure or the double product (Table I, Figure 
1). The 20- and 30-mg nifedipine dose schedule had no 
effect on the resting heart rate or systolic blood pres- 
sure. Heart rate was mildly increased by all 3 dosage 
schedules compared to placebo during the first stage of 
exercise (p <0.05), but was unaffected by any dose at 
later stages of exercise. During exercise there was no 
effect of the 10- and 20-mg regimens on systolic blood 
pressure compared to placebo treatment, but systolic 
blood pressure was significantly reduced on the 30-mg 
regimen throughout the exercise protocol and at peak 
exercise (p <0.05, Figure 1). There were no significant 
differences in the double product at submaximal and 
peak exercise, or in the reasons for terminating exercise 
during the exercise test at any dosage schedule com- 
pared to placebo. 

Dose-response effect of nifedipine on ST-segment 
depression and angina: There was a significant reduc- 
tion in the development of ST-segment depression at all 
exercise times by all doses of nifedipine compared with 
placebo (p <0.05, Figure 2), although there were no 
significant differences among the 3 dosage schedules. 

The times to onset of ST-segment depression and to 
angina were delayed significantly by all nifedipine regi- 
mens compared to placebo (p <0.02), although there 
were no significant differences among the 3 nifedipine 
regimens. The maximum ST-segment depression was 
lower and the total duration of exercise was the same or 
higher during therapy on the 3 regimens compared to 
placebo, but none of these differences achieved statisti- 
cal significance. 

Figure 3 shows the effects of 2 variables, i.e., nifedi- 
pine dose and double product during exercise, on the 
degree of exertional ST-segment depression using scaled 
endpoints standardized for each patient. The 10- and 
20-mg regimens significantly decreased ST-segment de- 
pression compared to placebo at the thirtieth and fifti- 
eth percentile of maximal double product achieved (i.e., 


FIGURE 2. Dose response of exertional 
ST-segment depression observed during 
each dosage regimen. Explanation of 


magnitude 
depression compared to 
placebo (p <0.05), but there were no 
differences among regimens. 





(mm) 








approximately the full range of work achieved on place- 
bo, p <0.05). The 30-mg dosage schedule significantly 
decreased ST-segment depression compared to placebo 
only at the fiftieth percentile double product (p «0.05). 
There was no significant difference in effect among the 
regimens, although there was a trend favoring the 20- 
mg schedule compared to the 10-mg schedule (p «0.2). 
There was a trend (p values between 0.1 and 0.3) 
favoring the 20-mg schedule compared to the 10-mg 
schedule in terms of delay of onset of ST-segment de- 
pression, reduction of ST-segment depression at peak 
exercise, reduction of ST-segment depression at sub- 
maximal and maximal levels of double product and fa- 
tigue being the reason to stop the exercise test instead of 
angina. With fewer patients at 30 mg, differences could 
not be measured from the 10- and 20-mg schedules. 


DISCUSSION 

Our data confirm that nifedipine is a potent anti- 
ischemic agent and they also provide new information 
suggesting that this effect appears not to be due to a 
reduction in double product at submaximal or maximal 
exercise, but instead is most likely due to a favorable 
redistribution of coronary blood flow to the ischemic 
areas. Although a beneficial antiischemic effect was evi- 
dent from the 10-, 20- and 30-mg 4 times daily dosage 
schedules, there was a trend for the 20-mg schedule to 
be more efficacious than the other schedules. 

Fixed versus dynamic coronary obstruction in 
chronic stable angina pectoris and implications for 
antiischemic therapy: Early studies of antiischemic 
agents showed that these agents were effective by de- 
creasing the double product at submaximal, but not 
maximal workloads,!?!!! suggesting that the therapeutic 
benefit was due to a decrease in myocardial oxygen de- 
mand. Recent studies, however, indicate that daily ac- 
tivities such as exercise or exposure to cold can provoke 
significant coronary vasoconstriction in stable coronary 
patients.'*-!> Figure 3 shows that the benefit from ni- 
fedipine in this study was due to a probable improve- 
ment in coronary flow. On placebo, an increase in sub- 
maximal double product to 4096 of maximally achieved 
double product was associated with ST-segment depres- 
sion of 28% of maximal; whereas on a schedule of nifed- 
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Rest 


Dose HR 
(beats /min) 





Placebo 7448 123+ 14 
Nifedipine 10 78413 121 +11 
20 77413 119 € 12 


118413 
Data are mean + 1 standard deviation. 


HR = heart rate; SBP = systolic blood pressure. 


ipine 10 mg 4 times daily, that same increase in double 
product was associated with only 6% of maximally 
achieved ST-segment depression (p <0.005) . Thus, the 
magnitude of ST-segment depression on nifedipine was 
disproportionately less than that seen on placebo for an 
equivalent magnitude of increased double product. 
Although total exercise duration, maximal double 
product and mean maximal ST-segment depression 
were improved during nifedipine therapy compared to 
placebo, none of these differences achieved statistical 
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FIGURE 3. Three-dimensional representation of relation of 
96 ST-segment depression, relative to its maximum, to ni- 
fedipine dose schedule and ?6 double product (DP), also 

relative to its maximum. Maximum value achieved by each 
patient on any dosage schedule is considered 100% value 


was the highest value observed in every patient on every 


drug regimen and plot is therefore shown only up to that 
point. Enclosed box indicates p values of effect of 3 
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* p «0.05 compared to value during placebo treatment; ! p «0.005 compared to value during placebo treatment. 
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significance. If maximal exercise in all patients was lim- 
ited only by myocardial perfusion, one would expect 
that the various indexes of myocardial perfusion at peak 
exercise would be more substantially improved if nifedi- 
pine improved coronary blood flow to the ischemic 
areas. Only a minority of patients on each treatment 
regimen stopped exercise because of angina, however, 
and the limitation of exercise in most patients appeared 
to be due to factors other than those relating to the ade- 
quacy of myocardial perfusion. 

It should be emphasized that no direct measure- 
ments of myocardial perfusion were made and it is pos- 
sible that nifedipine decreased myocardial oxygen de- 
mand by improving determinants other than the ones 
we measured. Nifedipine has been shown to facilitate 
diastolic relaxation in patients with stable coronary dis- 
ease!ó and the decrease in diastolic wall stress may have 
reduced myocardial oxygen demand. Measurements of 
heart rate and blood pressures were also only recorded 
at l-minute intervals, noncontinuously. Although un- 
likely, it is possible that the increase in double product 
during exercise lagged more on nifedipine compared to 
placebo, thereby decreasing myocardial oxygen con- 
sumption. Lastly, although we did not investigate myo- 
cardial metabolic activity, it is possible that nifedipine 
may have exerted at least some of its antiischemic ef- 
fects by improving metabolic substrate use in the 
heart.!7-2! 

It is possible that our entry criterion of 2 screening 
exercise tests with results within 15% of each other may 
have identified a unique study population of stable coro- 
nary patients. However, this criterion is a standard one 
used in studies of antiischemia therapy, and in our 
screened population, only 1 patient was excluded be- 
cause of it. 

Lack of a pronounced dose-response effect: It is 
noteworthy that there was not a more marked increase 
in antiischemic efficacy as the dose of nifedipine was 
increased from 40 to 120 mg daily. Previous studies 
have generally used a single dosage schedule for nifedi- 
pine, ranging from 30 to 90 mg in divided doses??.?2-?4 
and have not compared dosage regimens. Our patients 
had a baseline systolic blood pressure of only 123 + 14 
mm Hg (Table I) and the escalation of doses of nifedi- 
pine did not exert a major effect on systolic blood pres- 
sure, heart rate or double product. The hypotensive ef- 
fect of nifedipine is directly related to the degree of 
baseline arterial hypertension??; the low-normal baseline 
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values in our patients may therefore have limited the 
effects of nifedipine to decrease afterload and myocardi- 
al oxygen demand. Antiischemia efficacy of higher-dose 
nifedipine may be more evident in patients with a high- 
er resting arterial blood pressure. 

Clinical implications: Our data indicate that nifedi- 
pine is a potent agent that decreases manifestations of 
exercise-induced myocardial ischemia in patients with 
normal baseline heart rate and arterial blood pressure, 
even without decreasing the double product at submaxi- 
mal or maximal exercise. In patients with normal blood 
pressure, a dose regimen of 10, 20 or 30 mg 4 times 
daily may provide effective antiischemic therapy, but 
the 20-mg regimen may yield enhanced drug efficacy 
compared to the 10-mg regimen and may be accompa- 
nied by fewer side effects and complications than the 
30-mg regimen. 
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The results of signal-averaged electrocardiography 
and programmed electrical stimulation were evalu- 
ated in 25 patients with recurrent sustained ven- 
tricular tachycardia (VT) and 46 patients with a 
history of out-of-hospital ventricular fibrillation 
(VF) to characterize the electrophysiologic sub- 
strate responsible for these different clinical ar- 
rhythmia presentations. Patients with VT had a 
higher incidence of late potentials (VT 83%, VF 
50%, p = 0.005). Significant differences between 
these groups were also noted in response to pro- 
grammed electrical stimulation. A sustained ven- 
tricular arrhythmia was induced in 24 of 25 (96%) 
patients with a history of VT but in only 27 of 46 
(599%) of VF patients (p = 0.005). In addition, VF 
was induced in 11 (24%) patients in the VF group 
but in none of the patients in the VT group (p - 
0.005). When the 2 groups were compared on the 
basis of select clinical characteristics, no significant 
difference in age, sex, presence of coronary artery 
disease or ejection fraction was noted. The fre- 
quency of prior myocardial infarction was signifi- 
cantly higher in the VT group (VT 20 of 25, 8096; 
VF 24 of 46, 52%; p = 0.03). Finally, no signifi- 
cant relation between the presence of late poten- 
tials and induced arrhythmias was noted in either 
group. The inability of signal-averaged electrocar- 
diography to predict inducibility in VF patients may 
represent a significant limitation of this technique 
in identifying patients at risk for sudden cardiac 
death. 

(Am J Cardiol 1990;65:1102-1104) 


From the Division of Cardiology, Harborview Medical Center and the 
University of Washington Medical Center, Seattle, Washington. This 
study was supported in part by grants HL36170 and HL31472 from the 
National Institutes of Health, Bethesda, Maryland, and grants from the 
American Heart Association, Washington Affiliate, the Emergency 
Medical Services Foundation, Seattle, Washington, the Jacob P. Glas- 
tra Memorial Fund, Seattle, and the Harry H. Law Memorial Fund, 
Seattle. Manuscript received October 17, 1989; revised manuscript 
received December 27, 1989, and accepted December 28. 

Address for reprints: G. Lee Dolack, MD, Harborview Medical 
Center, 325 Ninth Avenue, Seattle, Washington 98104. 


1102 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


sively evaluated in survivors of myocardial infarc- 

tion and in patients with both sustained and non- 
sustained ventricular tachycardia (VT).!-!? Late poten- 
tials detected by this technique are high frequency, low 
amplitude signals in the terminal portion of the QRS 
recorded during sinus rhythm. These signals are 
thought to correlate with similar potentials recorded in 
the border zone of experimental myocardial infarction 
and in animal models of VT.!3-!4 Mapping studies sug- 
gest that late potentials represent slowed conduction 
through diseased myocardium, i.e., the substrate for re- 
entry.!^-!? Recent reports suggest that the presence of 
late potentials correlates with subsequent arrhythmic 
events and inducibility during programmed electrical 
stimulation.^-66-15 Survivors of out-of-hospital cardiac 
arrest represent a group with a high likelihood of recur- 
rent clinical ventricular arrhythmias.!? We and others 
have suggested that the electrophysiologic substrate in 
patients who present with ventricular fibrillation (VF) 
might be different from that in patients with clinical 
VT.$62021 This study compares the frequency of late 
potentials in patients with VF to patients with VT and 
evaluates their relation to clinical variables and results 
of programmed electrical stimulation. 


S ignal-averaged electrocardiography has been exten- 


METHODS 

Patients: Seventy-one consecutive subjects were pro- 
spectively evaluated by signal-averaged electrocardiog- 
raphy: 25 had a history of recurrent sustained VT, and ^ 
46 patients were evaluated after an episode of out-of- 
hospital cardiac arrest secondary to documented VF. 
All subjects were evaluated in the drug-free state at 
least 5 half-lives after the last antiarrhythmic drug dose, 
as documented by serum drug levels. No patient had 
ever taken amiodarone. All patients with atrial fibrilla- 
tion, bundle branch block or nonspecific intraventricular 
conduction disturbance were excluded from the study. 

Signal-averaged electrocardiography: Signal-aver- 
aged electrocardiography was performed with an IBM 
PC-AT-based ensemble (Corazonix Corp.). Recordings 
were processed and analyzed based on methods de- 
scribed by Simson et al! and Denes et al.2° The device 
recorded signals at the patient's bedside during sinus 
rhythm in a standard, bipolar, orthogonal XYZ lead 
format. Averaging was continued until the noise level 
late in the ST segment was «1.0 uV. Three sets of at 
least 200 beats were averaged for each acquisition. 
These signals were then digitized and filtered with a 
bidirectional band pass filter with a high pass frequency 
cutoff of 40 Hz. The filtered signals were expressed as a 
single recording of vector magnitude: V = X? + Y? + 














Z*. The magnitude of the high frequency signal in the 
last 40 ms of the QRS complex (V40) and the total 
QRS duration were automatically measured by a com- 
puter algorithm. Late potentials were defined by the 
root mean square of the amplitude of the signal in the 
last 40 ms of the filtered QRS <20 uV. The QRS dura- 
tion was defined to be abnormal if >120 ms. Signals 
were analyzed without knowledge of the clinical status 
of the patient. 

Electrophysiologic testing: After signal-averaged 
electrocardiography, all patients underwent electrophys- 
iologic study with a standardized protocol. All studies 
were performed after discontinuation of antiarrhythmic 
therapy for at least 5 drug half-lives. Ventricular stimu- 
lation utilized a 1 ms square wave pulse at twice diastol- 
ic threshold. The pacing protocol included single, double 
and triple extrastimuli delivered after 2 basic drive cycle 
lengths (600 and 400 ms) at 2 right ventricular sites. 
The endpoint of the study was completion of the proto- 
col or induction of a sustained ventricular arrhythmia. 
A sustained ventricular arrhythmia was defined as VT 
or VF lasting >30 seconds or requiring overdrive pacing 
or cardioversion because of hemodynamic compromise. 
VF was defined as sustained ventricular arrhythmia 
with a cycle length <240 ms with variable QRS mor- 
phology in leads I, II, III and V;. Nonsustained VT was 
defined as reproducible induction of 26 beats and <30 
seconds of VT. Patients were considered noninducible if 
<6 repetitive ventricular responses were reproducibly 
induced. 

Statistical analysis: All data are expressed as mean 
+ standard deviation. Data were analyzed with un- 
paired ¢ tests, chi-square analysis and Fisher's exact test 
as appropriate. 


RESULTS 

Table I lists the results of the signal-averaged elec- 
trocardiography in 46 survivors of out-of-hospital cardi- 
ac arrest due to VF and the 25 patients with clinical 
^ sustained VT. In the VT group late potentials were de- 
tected in 8396 (21 of 25) of patients, with a mean V40 
magnitude of 16 + 8 uV. In the VF group, late poten- 
tials were seen less frequently (23 of 46, 50%, p = 
0.005) and the V40 magnitude was greater (26 + 15 
uV, p = 0.005). Mean QRS duration and the percent of 
patients with abnormal QRS duration, however, did not 
differ between the 2 groups. 

The 2 groups were then compared on the basis of 
select clinical features. No significant difference be- 
tween VT and VF groups was noted for age, sex, pres- 
ence of coronary artery disease or ejection fraction. Pre- 
vious myocardial infarction was more prevalent in the 
VT group (80 vs 52%, p = 0.03). 

The results of programmed stimulation are listed in 
Table II. Twenty-four of the 25 VT patients (96%) had 
inducible sustained VT. Sustained VT/VF was induced 
in only 27 of the 46 (59%) VF patients (p <0.0005). VF 
was induced in 11 patients (24%) in the VF group while 
none of the VT group had induced VF (p = 0.005). 

The relation between inducibility at programmed 
stimulation and presence of late potentials was also ex- 
amined in the patients who had experienced VF. Late 








TABLE I Signal-Averaged Electrocardiographic Parameters: 
VT Versus VF 


% Abnormal 
QRS(ms) QRS 


83(21/25) 125419 71(14/25) 
50(23/46) 125423 52(24/46) 
<0.005 NS NS 


No. V4O(uV) %LP 


VT 25 
VF 46 
P value* 
* VT vs VF. 
ECG = electrocardiogram; NS = not significant; % Abnormal QRS = percent with 
QRS > 120 ms; % LP = percent with late potentials (T40 < 20 pV); V40 = signal 


magnitude (root mean square) in terminal 40 ms of QRS; VF = ventricular fibrillation; 
VT = ventricular tachycardia. 


TABLE Il Programmed Electrical Stimulation Results 


16+8 
26+ 15 
<0.005 





Inducible Noninducible / 
Sustained Inducible 
VT /VF NSVT 

VT (96) 24/25 (96) 1/25 (4) 

VF (96) 27/46 (59) 19/46 (41) 

P value «(0.0005 «0.009 


NS = nonsustained; other abbreviations as in Table |. 


TABLE Ill Late Potentials: Relation to Clinical 





Characteristics 
Late Potentials Late Potentials 
Present Absent p Value 
VF group 
Age (yrs) 57+15 56+ 13 NS 
Men (%) 23/23 (100) 19/23 (83) NS 
Coronary artery 18/23 (78) 13/23 (57) NS 
disease (%) 
Previous MI (%) 15/23 (65) 9/23 (39) 0.07 
Ejection fraction 0.41 € 17 0.39 + 19 NS 
Inducible sustained 14/23 (61) 13/23 (57) NS 
VT/VF (96) 
VT group 
Age (yrs) 57 X: 13 63 + 16 NS 
Men (96) 18/21 (72) 4/4 (100) NS 
Coronary artery 15/21 (71) 4/4 (100) NS 
disease (96) 
Previous MI (96) 15/21 (71) 4/4 (100) NS 
Ejection fraction 0.40 + 0.13 0.43 € 0.14 NS 
Inducible sustained — 20/21 (95) 4/4 (100) NS 
VT/VF (96) 


MI = myocardial infarction; other abbreviations as in Table |. 


potentials did not appear to correlate with sustained ar- 
rhythmia induction in patients with VF. Only 14 of the 
27 (52%) patients in the VF group with inducible sus- 
tained arrhythmias also had late potentials. In addition, 
V40 voltage was not significantly different in patients 
with induced sustained VT /VF compared to those with- 
out inducible sustained VT/VF (23.8 vs 27.8 uV, p = 
0.3). Also, there was no relation between the presence 
or absence of late potentials and specific electrophysio- 
logic study endpoints of nonsustained VT, sustained VT 
or VF. 

Finally, in both VT and VF patients, subsets defined 
by the presence or absence of late potentials were com- 
pared on the basis of clinical features and results of pro- 
grammed electrical stimulation (Table III). In this 
group of patients with a history of documented sus- 
tained ventricular arrhythmias, late potentials were de- 
tected in 50%. The presence of late potentials was not 
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related to age, sex, presence of coronary disease or in- 
ducibility at electrophysiologic study. There was a trend 
in the VF group toward an increased incidence of coro- 
nary artery disease and previous myocardial infarction 
in patients with late potentials, but this finding did not 
reach statistical significance. 


DISCUSSION 

We evaluated signal-averaged electrocardiographic 
parameters in patients with VT compared to patients 
with VF. Many studies have considered such patients as 
a single group with sustained or “malignant” ventricu- 
lar arrhythmias. Our report focuses on survivors of VF 
as a unique population. In a previous study, we empha- 
sized the clinical and electrophysiologic differences be- 
tween patients with recurrent VT and VF.? In that 
study and earlier reports, patients with clinical VT were 
characterized by a lower ejection fraction, a higher inci- 
dence of previous myocardial infarction and a higher 
incidence of induced sustained ventricular arrhythmias. 
In the present study, the finding of a higher prevalence 
of late potentials in patients with VT adds additional 
support to our prior observations. Previous studies have 
shown similar differences between VT and VF patients 
evaluated by signal-averaged electrocardiographic and 
electrophysiologic testing.9?! In addition, animal map- 
ping studies have shown a relation between slowed con- 
duction, induced ventricular tachycardia and extent of 
underlying pathology.???? On the basis of these observa- 
tions, it appears that the arrhythmogenic substrate for 
clinical sustained VT is often associated with more ex- 
tensive transmural myocardial infarction and is charac- 
terized electrophysiologically by more slowed conduc- 
tion, a finding that may originate from the anatomic 
site of reentry. 

Similar to previous studies, most patients with VT 
had inducible VT, while VF patients had a lower inci- 
dence of induced sustained ventricular arrhythmias, a 
significant percentage of which were VF.6292! Although 
the trend for a decreased incidence of inducibility in VF 
patients was paralleled by a reduced incidence of late 
potentials, late potentials did not predict inducibility in 
this group. Consistent with these findings, previous 
studies have demonstrated a correlation between these 
parameters only when VT and VF groups are com- 
bined.9?! This lack of a relation between inducibility 
and late potentials may be a consequence of less slowed 
conduction in the VF substrate, reflected in the shorter 
cycle length of induced rhythms seen in this group. In 
addition, in a group of patients defined in part by the 
absence of clinical VT, late potentials may be a relative- 
ly nonspecific phenomenon. It is well recognized that 
VF patients with induced VT are at particularly high 
risk for recurrent episodes of cardiac arrest.!? Although 
previously thought to be a nonspecific endpoint of elec- 
trophysiologic testing, induction of VF, in our experi- 
ence, is associated with a significant risk of recurrent 
VF. Because electrophysiologic testing in VF patients 
provides prognostic information, the lack of a correla- 
tion with signal-averaged electrocardiographic parame- 
ters is particularly noteworthy. The inability of the sig- 
nal-averaged electrocardiography to detect these high 
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risk patients represents a potential limitation of this 
technique. 
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patients treated 
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Bleeding is the most common complication of thrombolytic therapy, with intracranial bleeding being 
the most serious. Activase* is contraindicated in patients with: active internal bleeding, history of 
cerebrovascular accident, recent (within two months) intracranial or intraspinal surgery or trauma, 
intracranial neoplasm, arteriovenous malformation, or aneurysm, known bleeding diathesis, severe | 
uncontrolled hypertension. (See WARNINGS section of brief summary of prescribing information.) 
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Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE* is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE* 
is contraindicated in the following situations: - Active internal bleeding - History of cerebrovascu- 
lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) « Intracranial neoplasm, arteriovenous malformation, or aneurysm * Known bleeding 
diathesis - Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites « Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE* and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE* should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE* therapy may be increased and should be weighed 
against the anticipated benefits: * Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease « Recent (within 10 
days) gastrointestinal or genitourinary bleeding * Recent (within 10 days) trauma * Hypertension: 
systolic BP 180 mm Hg and/or diastolic BP=110 mm Hg * High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation + Acute pericarditis e Subacute bacterial endocarditis « Hemostatic 
defects including those secondary to severe hepatic or renal disease + Significant liver dysfunction * 
Pregnancy * Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old « Patients currently receiving oral anticoagulants » Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE* therapy, results of coagulation tests and/or measures of fibrino- 


~ lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 


ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 
Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 
Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE* should be given to a pregnant woman only if 
clearly needed. 
Pediatric Use Safety and effectiveness of ACTIVASE* in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE* and effect on tumor metastases in rodents, were negative. 
Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mitotic index, was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 
Nursing Mothers It is not known whether ACTIVASE* is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE* is administered to a 
nursing woman. 
ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE* is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 
The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 
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The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 
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Dose Number of Patients _% 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 
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These data indicate that a dose of 150 mg of ACTIVASE* should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials17 is not signficantly different in the ACTIVASE* treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 97/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE* therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE* therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE* therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE* as soon as possible after the onset 
of symptoms. 

ACTIVASE* is for intravenous administration only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
125 mg/kg administered over 3 hours, as described above, may be used.8 


A DOSE OF 150 MG OF ACTIVASE* SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
ACTIVASE® 1.0 mg/mL at approximately pH 73. The osmolality of this solution is approximately 
215 mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided; 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE” Any unused 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE™ at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
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CARDIOLOGIST 


CARDIOLOGIST to join cardiology department of multi-specialty 
clinic. Position requires expertise in invasive/non-invasive proce- 
dures. Cardiology team includes cv/thoracic surgeon. Competitive 
guaranteed salary with bonus incentive plan, malpractice insur- 
ance, relocation expense and interview expense included in bene- 
fits package. Enjoy a sub-tropical climate on the Texas Gulf Coast. 
Location is attractive to those who enjoy outdoor sports such as 
fishing, golf, and sailing. Look into joining our great team. Contact: 
Amanda Fuhro, Valley Diagnostic Medical & Surgical Clinic, P.A., 
2200 Haine Drive, Harlingen, Texas, (512) 421-5199. 











CARDIOLOGIST — Immediate opening with an expanding med- 
ical group located in west Riverside County in So. Calif. for a 
BE/BC Non-invasive Cardiologist. We are a thriving multi-spe- 
cialty group. Our practice offers excellent salary with incen- 
tives and benefits and the possibility of building up a stable 
future. Apply to Box 1105, The American Journal of Cardiolo- 
gy, 249 W. 17th St., New York, N.Y. 10011. 








CARDIOLOGIST 


WE ARE SEEKING A BC/BE CARDIOLOGIST 
FOR A WELL ESTABLISHED 18 PHYSICIAN 
MULTI-SPECIALTY GROUP WITH ON-SITE 
NUCLEAR CAMERA, TREADMILL, DOPPLER 
ECHOCARDIOGRAPHY, HOLTER SCANNER, 
ARRHYTHMIA DETECTORS, ETC. JOIN 10 IN- 
TERNISTS WITH CARDIOLOGY, Gl, PULMO- 
NARY AND ONCOLOGY SUB-SPECIALTIES; 3 
SURGEONS; 4 PEDIATRICIANS; 1 RADIOLO- 
GIST. WE ALSO HAVE AN IN-HOUSE NEW 
YORK STATE LICENSED LABORATORY. WE 
ARE LOCATED 70 MILES NORTH OF NEW 
YORK CITY IN A RAPID GROWTH AREA. 


SEND CV TO: 


MS. GALE KETCHAM 
ADMINISTRATOR 
MID-HUDSON MEDICAL GROUP, P.C. 
64 JACKSON STREET 
FISHKILL, NEW YORK 12524 
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Usefulness of Right Ventricular Pulse Pressure 
As a Potential Sensor for Hemodynamically 
Unstable Ventricular Tachycardia 


Kenneth A. Ellenbogen, MD, Bin Lu, MSE, Ketan Kapadia, BS, Mark Wood, MD, 
and Harry Valenta, PhD 


The automatic implantable cardioverter defibrillator 
has had a major impact on the management of pa- 
tients with ventricular tachyarrhythmias. Future 
devices will offer tiered therapy for ventricular 
arrhythmias, based on a sensor capable of discrimi- 
nating hemodynamically stable from unstable ven- 
tricular tachycardia (VT). We studied 27 patients 
with sustained VT/ventricular fibrillation during 70 
episodes of sustained ventricular arrhythmias (>30 
seconds or requiring cardioversion). In this study, 
phasic arterial pressure (mm Hg), VT cycle length 
(ms) and right ventricular (RV) pulse pressure (mm 
Hg) were measured before, during the first 30 
beats and after each episode of VT. During the first 
10 beats of 23 episodes of unstable VT, the mean 
(+ standard error of the mean) decrease in RV 
pulse pressure from baseline was 22 + 1.8 mm Hg; 
it was 13.8 + 2.4 mm Hg during the first 10 beats 
of 47 episodes of stable VT, (p = 0.01, stable vs 
unstable). For the next 20 beats of VT, RV pulse 
pressure decreased from baseline by 22 + 2.5 mm 
Hg during unstable and by 12.0 + 2.5 mm Hg dur- 
ing stable VT (p = 0.0001, stable vs unstable). The 
percent decrease of RV pulse pressure correlated 
well with the percent decrease in mean arterial 
pressure and percent decrease in systolic arterial 
pressure (r = 0.70; r = 0.69, respectively; p 
<0.001) during VT, but poorly with the VT cycle 
length (r = 0.27, p <0.05). The percent decrease in 
RV pulse pressure is a useful hemodynamic sensor 
for discriminating between stable and unstable VT. 
(Am J Cardiol 1990;65:1105-1111) 


From the Division of Cardiology, Department of Medicine, McGuire 
Veterans Administration Medical Center and the Medical College of 
Virginia, Richmond, Virginia, and Telectronics Pacing Systems, Den- 
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Systems, Denver, Colorado. Manuscript received November 2, 1989; 
revised manuscript received and accepted January 4, 1990. 

Address for reprints: Kenneth A. Ellenbogen, MD, McGuire Veter- 
ans Administration Medical Center, Cardiology Section 111J, 1201 
Broad Rock Boulevard, Richmond, Virginia 23249. 


of mortality in this country and is often caused by 

hemodynamically unstable ventricular tachycar- 
dia (VT).^ The automatic implantable cardioverter 
defibrillator plays an important role in the treatment of 
these patients.>~’ The currently available device recog- 
nizes ventricular arrhythmias based primarily on heart 
rate or fulfillment of a probability density function. 
Currently, this device is unable to alter its therapy ac- 
cording to the severity of clinical symptoms caused by 
the arrhythmia. 

A future goal for the development of new antitachy- 
cardia devices is to incorporate a sensor that can assess 
the hemodynamic stability of VT. This sensor must be 
able to be incorporated into a transvenous lead and will 
allow tiered therapy of these arrhythmias. Consequent- 
ly, a patient with a hemodynamically symptomatic VT 
may receive a high energy shock, while another patient 
with a clinically tolerated arrhythmia can undergo at- 
tempts at low energy cardioversion or termination by 
pacing. 

Future generations of defibrillators will probably in- 
volve at least 1 transvenous lead.* Pressure sensors that 
can be chronically implanted with a high degree of safe- 
ty and reliability are now being developed.? Therefore, 
we sought to determine if right ventricular (RV) pulse 
pressure would be a useful measure of the hemodynam- 
ic stability of VT in a heterogenous group of patients 
with a history of sustained VT or ventricular fibrilla- 
tion. 


S udden cardiac death remains an important cause 


METHODS 

We studied 27 men referred for an electrophysiology 
study to guide therapy for a suspected or documented 
episode of VT/ventricular fibrillation. 

All patients gave verbal and written informed con- 
sent to a protocol approved by the Committee for the 
Conduct of Human Research at both the McGuire Vet- 
erans Affairs Medical Center and the Medical College 
of Virginia, and the Clinical Research Board at Telec- 
tronics Pacing Systems. The electrophysiologic studies 
were performed with patients in the nonsedated, post- 
absorptive state and supine position. Patients were stud- 
ied in the baseline drug-free state (all antiarrhythmic 
drugs discontinued for =5 half-lives), and most were 
restudied while taking Z1 antiarrhythmic drug. Other 
cardioactive medications were continued at the time of 
study. One or more quadripolar catheters (USCI) were 
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introduced through the femoral vein and positioned in 
the RV apex, right atrial appendage or high right atri- 
um and across the tricuspid valve to record a His bun- 
dle. A SFr Millar micromanometer-tipped catheter 
(Millar Instruments) was advanced from the femoral 
vein to a stable position in the RV apex.'? Continuous 
mean and phasic arterial pressures were measured with 
a 6 or 7Fr sheath in the femoral artery. Programmed 
stimulation was performed using a constant current 
source at twice diastolic threshold (<2 mA). Record- 
ings were made with a 16 channel physiologic recorder 
(VR-16) and a frequency-modulated cassette tape re- 
corder (Teac HR-30G). Before initiation of pro- 
grammed stimulation a 2-minute baseline recording of 
RV pressure was made. Programmed electrical stimula- 
tion was performed according to a standard protocol 
previously described.!! 

RV pressure was measured with a 5Fr Millar cathe- 
ter and bridge amplifier. Its specifications include: 5 
uV /V /mm Hg sensitivity and a normal frequency of 70 
kHz. Before insertion of the Millar catheter, the pres- 
sure signal was calibrated to zero. Several times 
throughout the study, the pressure calibrations of the 
Millar catheter-amplifier and Teac recorder were 
checked. In 4 patients, RV pressures measured simulta- 
neously with a 7.5Fr Swan-Ganz catheter (American 
Edwards) and the Millar system were consistently with- 
in 2 to 3 mm Hg. RV pressure was calculated before (a 
minimum of 10 to 20 beats), during (first 30 beats) and 
immediately after (for 10 to 20 beats) each episode of 
sustained ventricular arrhythmia (Figure 1). During 
each episode of VT, the patient's clinical status was as- 
sessed by 2 nurses. The patient was questioned for 
symptoms (palpitations, chest pain, shortness of breath, 
dizziness, presyncope) or noted to be syncopal (seizures, 
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unresponsive to verbal or physical stimuli). These symp- 
toms were assessed during each arrhythmia. 

All analog data (atrial, ventricular endocardial elec- 
trograms, and RV pulse pressure) were analyzed from 
frequency-modulated tape. The limiting analog band- 
width for the electrograms was 100 Hz and for the pres- 
sure was 20 Hz. Data were annotated from a computer 
(Hewlett-Packard 110) connected to the frequency- 
modulated recorder via an RS-232 port. Analog data 
were digitized at a sampling rate of 200 Hz with a 12 
bit analog-to-digital converter. After the signals were 
digitized and stored on magnetic disks, a custom-written 
computer program was implemented to analyze the sig- 
nals. This program allowed display of 1 to 7 signals on a 
video monitor at different time sweeps, display of signal 
amplitude at any time point and measurement of time 
interval between any 2 different signals to +5 ms. Clas- 
sic digital filters were used for noise reduction. 

Statistics: To test for significant changes from base- 
line values or between times during VT within each of 
the 2 groups, paired ¢ tests were performed. 

Two sample ¢ tests were used to determine whether 
the mean changes for both groups were equal. Since t 
tests assume equal variances in the 2 groups, the results 
of a test for equal variances using the folded form of the 
F statistic were examined. In the case of significantly 
different variances, an approximate t statistic along 
with Satterthwaite's correction for the degrees of free- 
dom and the corresponding probability values were 
used.!? Linear regression analysis was used to compare 
changes among different hemodynamic variables. 


RESULTS 
We studied 70 episodes of sustained VT or ventricu- 
lar fibrillation in 27 patients with previously document- 
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FIGURE 1. Analog tracing from a patient showing changes in arterial pressure and right ventricular pulse pressure during an 
episode of sustained monomorphic VT (cycle length = 320 ms). Surface traces from top to bottom include surface electrocardio- 
graphic leads I, II, III, V;, intracardiac electrograms from the right ventricle (RV), right ventricular pressure (recorded with the 
Millar catheter in mm Hg) and femoral arterial pressure (in mm Hg). 
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ed ventricular arrhythmias. The mean number of epi- 
sodes was 3 + 1. Thirty-five episodes occurred when all 
antiarrhythmic drugs had been withdrawn, 13 episodes 
while patients were taking procainamide, 3 while pa- 
tients were taking quinidine and mexilitine, 4 while pa- 
tients were taking investigational lc antiarrhythmic 
agents and 15 while patients were taking amiodarone. 

The mean (+ standard error of the mean) left ven- 
tricular ejection fraction of the patients studied was 38 
+ 3% (range 20 to 70). Seven patients had no or mini- 
mal symptoms of New York Heart Association class I 
congestive heart failure, 11 had class II symptoms and 9 
had class III symptoms. Underlying cardiac disease was 
present in all patients, coronary artery disease in 21 pa- 
tients and idiopathic cardiomyopathy in 5. Eleven pa- 
tients presented with an episode of nonfatal cardiac ar- 
rest, 4 patients presented with symptomatic sustained 
VT and syncope while the remaining 12 patients pre- 
sented with sustained VT and symptoms varying from 
palpitations to dizziness. 

Arrhythmias: The mean tachycardia cycle length 
for the entire population was 324 + 10 ms. For patients 
with stable VT (n = 47), it was 358 + 10 ms, and for 
patients with unstable VT (n = 23), 252 + 8 ms (p = 
0.01). For patients with stable VT, each episode was 
characterized electrocardiographically by a 12-lead 
electrocardiogram showing monomorphic VT. Of the 23 
episodes of unstable VT, 18 were episodes of monomor- 
phic VT with a cycle length ranging from 240 to 300 
ms, and 5 were episodes of polymorphic VT, ventricular 
flutter or ventricular fibrillation with a ventricular cycle 
length ranging from 180 to 230 ms. 

The decrease in mean arterial pressure during all 
episodes of VT was 35 + 3 mm Hg (p = 0.0001), while 
the average decrease in systolic blood pressure was 55 + 
4 mm Hg (p = 0.0001). The decrease in mean arterial 
pressure was 24 + 3 mm Hg for patients with stable VT 
and 59 + 2 mm Hg for patients with unstable VT (p = 
0.0001, stable vs unstable). The mean decrease in sys- 
tolic arterial pressure was 41 + 4 mm Hg during stable 
VT and 87 + 4 mm Hg during unstable VT (p = 
0.0001, stable vs unstable). 

Right ventricular pulse pressure during ventricular 
tachycardia: RV pulse pressure decreased during each 
episode of VT (Figure 2). RV pulse pressure was ana- 
lyzed for the first 30 beats of VT. The baseline RV 
pulse pressure was 31.1 + 2 mm Hg, 31.0 + 2.5 mm 
Hg for unstable episodes and 31.2 + 3 mm Hg for sta- 
ble episodes (difference not significant). RV pulse pres- 
sure was increased over baseline by 5.7 + 1.6 mm Hg 
during the first 20 beats at recovery after termination of 
VT (p = 0.01 vs baseline). The 5 episodes of ventricular 
flutter/fibrillation had the lowest RV pulse pressure of 
any episodes of tachycardia. 

The change in RV pulse pressure correlated weakly 
with VT cycle length (r = 0.27, p «0.05) (Figure 3). 
There was a moderate relation between the change in 
RV pulse pressure and the change in systolic pressure (r 
= 0.36, p = 0.01) and mean arterial pressure during the 
first 10 beats of VT (VT\_10), (r = 0.45, p = 0.001) 
(Figure 4A). For the ensuing 20 beats, RV pulse pres- 





sure change also correlated well with the decrease in 
mean arterial pressure (r = 0.50, p «0.001) (Figure 
4B), and the decrease in systolic arterial pressure (r — 
0.42, p <0.001) during VT;o.3o. The percent change in 
RV pulse pressure correlated well with both the percent 
change in mean (r = 0.70, p = 0.001) and systolic arte- 
rial pressure (r — 0.69, p — 0.001) (Figure 5) during 
the first 10 beats of VT (VT; 0). The percent decrease 
in RV pulse pressure also correlated well with the per- 
cent decrease in mean arterial pressure (r — 0.73, p 


<0.001) and the percent decrease in systolic arterial 
pressure (r = 0.72, p <0.001) during VTio.3o. 

Stable versus unstable ventricular tachycardia: The 
changes in RV pulse pressure during stable and unsta- 
ble VT are summarized in Table I and Figure 6. There 
was a slight but significant increase in RV pulse pres- 
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FIGURE 2. Time course of change in mean arterial pressure 
(0) and right ventricular (RV) pulse pressure (e) during an epi- 
sode of stable ventricular tachycardia (cycle length = 460 ms, 
A) and unstable ventricular tachycardia (cycle length = 270 
ms, B). There is a close correlation betw i 
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sure (1.9 + 0.4 mm Hg) from the first 10 to the next 20 | 

beats of stable VT (p = 0.0001, VT; io vs VTio.3o), The percent change in RV pulse pressure was highly 
. whereas no significant change in RV pulse pressure predictive of the percent decrease in systolic or mean 4 
from VT;.;o to VT;o.3o occurred during unstable VT. ^ arterial blood pressure during a large number of both — . 
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A us and unstable episodes of VT. This correlation was 


served throughout the first 30 beats of VT. RV pulse 


tee pressure measured at the onset of VT changed minimal- 


ly over the duration of VT episodes. VT cycle length 
correlated poorly with change in RV pulse pressure or 
change in systolic/mean arterial pressure. Thus, the 
percent change in RV pulse pressure during the first 10 


FIGURE 5. Linear regression demonstrat- 
ing correlation between percent change in 
right ventricular (RV) pulse pressure dur- 
ing VT1_10 (A) and VT 10-30 (B) and mean 
arterial pressure for all episodes of 
ventricular tachycardia. 


FIGURE 6. Percent change in right ven- 
tricular (RV) pulse pressure for stable and 
unstable ventricular tachycardia (VT) 
episodes during the first 10 beats of 
tachycardia. 
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TABLE I Right Ventricular Pulse Pressure During Ventricular 
Tachycardia 


ARV Pulse 
Pressure 


96 ARV Pulse 
Pressure 


Ventricular 
Tachycardia 


16.5 + 2.0* 
13.8 + 2.4! 
22 £18 

16 + 2.0* 
12.0 + 2.5: 
22 t 1.9 


53 + 3.0* 
43 + 3.08 
73+ 3.0 
48 + 4.0* 
35 + 4.08 
7243.5 


* p = 0.0001 vs baseline; ! p = 0.01, stable vs unstable; p = 0.001, stable vs 
unstable; 5 p = 0.0001, stable vs unstable. 


VT1.1o all episodes 


VT\_10 stable 
VT1_10 unstable 

VT 10-30 all episodes 
VT10.30 stable 
VT10.3o unstable 





tolerated VT, therapy will immediately change from 
antitachycardia pacing to cardioversion or defibrillation. 
Development of these devices will necessitate a better 
understanding of the hemodynamic and metabolic con- 
sequences of ventricular arrhythmias. With the develop- 
ment of transvenous defibrillation lead configurations,® 
the incorporation of hemodynamic sensors into future 
devices becomes technically feasible. 

Few previous studies have analyzed the hemody- 
namic or clinical variables that predict the occurrence 
of syncope during ventricular arrhythmias. Hamer et 
al? studied a group of 40 patients to identify clinical or 
electrophysiologic variables that predicted the develop- 
ment of syncope during induced VT. Advanced age, re- 
duced ejection fraction and impaired hemodynamics did 
not correlate with the occurrence of syncope. 

RV pressure and volume determine to a large extent 
the ability of the left ventricle to maintain cardiac out- 
put. The right and left ventricles are linked in series, 
and if either does not generate an adequate stroke vol- 
ume, then the other will be affected. The present study 
underlines the importance of this principle and the po- 
tential utility of RV pressure measurement to predict 
hemodynamic stability of VT. 

There have been other studies measuring a variety of 
hemodynamic variables during ventricular arrhythmias. 
Cohen et al!^ reported the use of mean right atrial and 
right ventricular pressure during rapid atrial and ven- 
tricular pacing in dogs as a sensor to discriminate stable 
from unstable VT. They used rapid pacing at 3 different 
rates and measurement of mean right atrial and ventric- 
ular pressures. Recently, they!? presented preliminary 
data suggesting that mean right atrial pressure may be 
a useful sensor of VT stability. In another study, 
Sharma et al'® have shown a significant decrease in RV 
pulse pressure during VF. Other potential sensors in- 
clude ventricular impedance! ?-!? and oxygen saturation. 

There are many factors that contribute to hemody- 
namic stability during an episode of VT. Increasing 
heart rate decreases diastolic filling time, and impairs 
left ventricular relaxation. Rapid tachycardia rates may 
also precipitate myocardial ischemia, which can lead to 
decreased regional and global contractility and mitral 
regurgitation.!?2? In addition, factors such as baseline 
left ventricular function, abnormal sequence of ventricu- 
lar activation and autonomic reflexes play a role in the 
physiologic adaptation to an episode of VT.??? Finally, 
there are other known (e.g., cerebrovascular disease, 
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age) and unknown factors that may play a role in the 
hemodynamic adaptation to ventricular arrhythmias. 

An ideal sensor for differentiating stable from unsta- 
ble VT should have several features. First, the sensor 
should rapidly and reliably reflect changes in systemic 
hemodynamics during VT. RV pulse pressure measure- 
ments from the first 10 beats of induced VT closely mir- 
rored the decrease in arterial pressure at the onset of 
VT. Second, the changes in any sensor should mirror 
the clinical stability or instability of the arrhythmia. Af- 
ter termination of the arrhythmia, the sensor should 
quickly return to baseline. RV pulse pressure reliably 
meets these criteria as well. Finally, the sensor should 
have good long-term reliability and not be overly techni- 
cally complex. 

Limitations: In our study all patients were studied in 
the supine position, and the degree of hypotension and 
clinical symptomatology experienced by patients would 
probably be greater in the upright position. In addition, 
autonomic tone can be quite variable and may also af- 
fect changes in arterial pressure measured. There are 
other clinical conditions that can affect RV and arterial 
pressure, and they are difficult to control for during 
electrophysiology studies (e.g., hemorrhage, medica- 
tions). The utility of other RV pressure measurements, 
such as maximal RV dP/dt or mean RV pressure, 
should also be examined. Future studies should examine 
changes in RV pulse pressure during other arrhythmias, 
such as sinus tachycardia, rapid atrial fibrillation and 
other supraventricular tachycardias to determine the 
specificity of RV pulse pressure decreases for unstable 
VT. Finally, there was some overlap in the percent 
change in RV pulse pressure between stable and unsta- 
ble episodes of VT. It is important to note that many of 
those overlapping episodes were classified as stable, de- 
spite symptoms of lightheadedness or presyncope. Some 
of those episodes would probably be accompanied by 
loss of consciousness in the upright position. It is also 
likely that individual threshold determinations would 
have to be performed to better predict in a single patient 
what decrease in RV pulse pressure would be accompa- 
nied by syncope with loss of consciousness. 
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Risk for Systemic Embolization of Atrial 
Fibrillation Without Mitral Stenosis 
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and Alvan R. Feinstein, MD 


The risk for systemic embolization was studied in 
272 patients without mitral stenosis or prosthetic 
valves who were referred to the echocardiography 
laboratory with atrial fibrillation (AF). During a 
mean follow-up period of 33 months (range «1 to 
83), 27 (10%) patients had a systemic embolic 
event, which was cerebral in 23 patients (8596) and 
peripheral in 4 (1596). In the analysis of individual 
variables, the risk of embolization was increased by 
female sex, underlying heart disease and left atrial 
size 24.0 cm, but not by age, hypertension or type 
of AF (paroxysmal vs chronic). In multivariable 
analysis, left atrial size >4.0 cm was the single 
strongest predictor of increased risk for emboliza- 
tion (p «0.001), but female sex (p — 0.014) and un- 
derlying heart disease (p — 0.027) also contributed. 
When each of these 3 factors was assigned 1 point 
in a risk score, embolic events were found to occur 
in none (0%) of 24 patients with a risk score of 0, 
in 2 (3%) of 83 patients with a risk score of 1, in 
13 (11%) of 118 patients with a risk score of 2 
and in 12 (26%) of 47 patients with a risk score of 
3. The score allows patients with AF and without 
mitral stenosis to be stratified into high-, medium- 
and low-risk groups for systemic embolization. 
Such information could be useful in decision making 
for anticoagulation in patients with AF. 

(Am J Cardiol 1990;65:1112-1116) 
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with systemic embolization.!-!! In studies of ce- 

rebrovascular events, 6 to 2396 of strokes have 
been attributed to cardiogenic emboli,5:!2.3 almost half 
of which were in patients with AF.!?!^ Although it was 
reportedly highest in patients with mitral stenosis and 
AF,*5!56 the risk of systemic embolization has also 
been suggestively increased when AF occurred without 
mitral stenosis.*!517 The increased risk of embolization 
has been reported in patients with AF alone? and in 
those with associated coronary artery disease," thyro- 
toxicosis,'® systemic hypertension!? or dilated left 
atria.? Patients with AF have seldom been followed, 
however, to identify risk factors for subsequent systemic 
embolization. We present such a study in a consecutive 
group of patients, referred for echocardiographic exami- 
nation and having AF without mitral stenosis. 


A trial fibrillation (AF) has often been associated 


METHODS 

Study population: The basic population consisted of 
all patients with AF who were referred to the echocardi- 
ography laboratory at Yale-New Haven Hospital from 
January 1, 1981, to September 1, 1983. Patients with 
technically inadequate echocardiograms with prosthetic 
cardiac valves or with a clinical diagnosis or echocardio- 
graphic evidence of mitral stenosis were excluded from 
analysis, leaving 320 patients eligible for the study. 

Follow-up: Follow-up information about possible 
systemic embolic events was obtained by review of the 
patients’ hospital records and by telephone communica- 
tion with physicians, patients or their families. If the 
patient had a cerebrovascular accident, we tried to de- 
termine the time course of development of neurologic 
deficits, presence of carotid arterial bruits, previous 
transient ischemic attacks and results of scans or carotid 
angiography. If the patient had a peripheral embolic 
event, the solicited data included results of peripheral 
angiography and embolectomy, if performed. 

In patients who died during the follow-up period, the 
circumstances of death were appraised. A sudden death 
without a prior embolic event was not considered to be 
an embolic event. 

The follow-up was considered adequate if it was >12 
months or if the patient died or had an embolic event 
<12 months after the echocardiogram. 

Of the 320 eligible patients, 5 refused to participate 
and 43 had inadequate follow-up data. The age, sex, left 
atrial size and frequency of underlying heart disease did 
not differ significantly in these 48 patients from the re- 











maining 272 patients who comprised the group under 
analysis. 

Echocardiography: Echocardiography was done 
with an HP 77-020 phased array real time echocardio- 
gram machine. Left atrial size was measured from the 
M-mode tracing using the American Society of Echo- 
cardiography standards.*! Measurements were made at 
end-systole using leading edge echoes. The atrial sizes 
measured at the time of the original examination were 
used in all but 15 patients, for whom the measurement 
had not been recorded. In those patients, the echocar- 
diogram was reviewed and atrial size was measured 
without knowledge of the clinical outcome. 

Systemic embolic events: The criteria established by 
Hart et al? were used to classify strokes as embolic, 
indeterminate or nonembolic. The embolic and indeter- 
minate categories were counted as embolic in the analy- 
sis. The nonembolic strokes had 21 of the following cri- 
teria: ipsilateral carotid bruit; previous ipsilateral tran- 
sient ischemic attack; hypertension and evidence of a 
lacunar infarction; nonsudden onset of the neurologic 
deficit while awake; evidence of ipsilateral cerebrovas- 
cular stenosis by angiography or noninvasive testing; 
prior ipsilateral carotid endarterectomy; or nonembolic 
stroke at autopsy.?? Patients having a transient cerebral 
ischemic event without a persistent deficit were consid- 
ered embolic unless they had evidence of ipsilateral ca- 
rotid disease or prior transient ipsilateral deficits. 

Peripheral ischemic events were considered embolic 
unless there was evidence of associated atherosclerotic 
peripheral vascular disease. All peripheral systemic em- 
bolic events had either surgical embolectomy to confirm 
the diagnosis or had associated embolic events in other 
locations. 

Strokes that occurred before the index echocardio- 
gram were not analyzed as a risk factor for subsequent 
systemic embolization, because information was rarely 
available to allow the strokes to be categorized as em- 
bolic or nonembolic. 

Paroxysmal versus chronic atrial fibrillation: 
Chronic AF was defined as 22 documented episodes of 
AF, at least 1 month apart, with no documented inter- 
vening or subsequent episodes of normal sinus rhythm. 
Paroxysmal AF was defined as AF followed by an epi- 
sode of normal sinus rhythm. Thus, a patient was con- 
sidered to have paroxysmal AF if a single episode of AF 
was followed by normal sinus rhythm or if there were 
multiple episodes of AF with intervening normal sinus 
rhythm. The status of the AF was considered unknown 
if there was a single episode of AF with no subsequent 
documentation of either normal sinus rhythm or persis- 
tent AF. 

Statistical analysis: Bivariate analysis of clinical 
variables was performed using Pearson’s chi-square test 
for categorical data and Student's ¢ test (2-tailed) for 
continuous data. Cox regression analysis was then used 
to determine the relative contribution of clinical vari- 
ables to predict embolic events. Variables were entered 
sequentially into the Cox regression model if their prob- 
ability level for significance was <0.10. 





In an embolic risk score constructed from the multi- 
variable results, patients were assigned 1 point for each 
risk factor identified by Cox regression. Life tables for 
each risk group were constructed by the Kaplan-Meier 
method and were statistically compared using the gen- 
eralized Savage log-rank test. 


RESULTS 

Of the 272 patients under analysis after the index 
echocardiogram, 27 (10%) had a systemic embolic event 
during the follow-up period, which ranged from «1 to 
83 months (mean 33). All study patients were followed 
for 212 months unless they had an embolic event or 
died «12 months after the echocardiogram. 

Table I lists the results of bivariate analysis of di- 
verse demographic and clinical factors as predictors for 
systemic embolization. The frequency of systemic em- 
bolic events did not differ significantly between the pa- 
tients above and below the median age of 70 years; 
mean age was 68. Women had a higher frequency of 
embolic events than men (14 vs 6%, p = 0.02) and pa- 
tients with underlying structural heart disease had em- 
bolic events more often than those without structural 
heart disease (14 vs 5%, p = 0.02). Systemic embolic 
events occurred in 13% of patients with coronary artery 
disease (myocardial infarction or angina pectoris), in 
16% of patients with valvular heart disease (aortic ste- 
nosis or regurgitation or mitral regurgitation) and in 
23% of patients with cardiomyopathy (dilated or hyper- 
trophic) when compared to 5% of patients with no un- 
derlying heart disease (p = 0.07, p = 0.06, p = 0.05, 
respectively). The frequency of embolic events did not 
show a Statistically significant difference according to 
the type of AF (chronic [15%] vs paroxysmal [9%]). 
The presence of systemic hypertension also did not sig- 
nificantly alter the frequency of embolization. 

There was a striking difference in embolic frequency 
according to left atrial size. Of the 180 patients whose 
left atrium measured 24.0 cm, 25 (14%) had systemic 
embolic events compared with only 2 of 92 patients 
(2%) whose left atrium was <4.0 cm (p = 0.003). 

Of the 27 embolic events, 23 (85%) were cerebrovas- 
cular and 4 (15%) were peripheral. A history of 21 
month of therapeutic anticoagulation at some point be- 
fore the embolic event was noted in 5 patients (19%) in 
the embolic group and in 37 patients (15%) in the non- 
embolic group. Of the 5 patients who embolized with a 
history of therapeutic anticoagulation, only 3 were re- 
ceiving a therapeutically effective dosage (prothrombin 
time 21.3 X control) at the time of the embolic event. 

To determine the relative contributions of the embol- 
ic risk factors identified by bivariate analysis, Cox re- 
gression was performed. As listed in Table II, the fol- 
lowing 3 variables contributed significantly to the model 
predicting risk of embolization: left atrial size 24.0 cm; 
female sex; and the presence of structural heart disease. 
Each of these 3 factors was then assigned 1 point in a 
risk score. As listed in Table III, subsequent embolic 
events occurred in none of 24 patients with a risk score 
of 0, in 2 (296) of 83 patients with a risk score of 1, in 
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TABLE I Clinical Factors as Predictors of Risk for Systemic 
Embolization 


No. and % Pts Having 
Systemic Embolization 














Absence of 
Factor (%) 


Presence of 
Factor (%) 


















Age <70 yrs (median) 17/129 (13) 
Female 18/125 (14) 


10/143 (7) 
9/147 (6) 0.023 


Systemic hypertension 17/147 (12) 10/125 (8) NS 

Atrial fibrillation 
Chronic 10/65 (15) — 

Paroxysmal 17/192 (9) — 
Unknown 0/15 (0) — 

Underlying heart disease — 21/155(14) 6/117 (5) 0.020 
Atherosclerotic* 15/119 (13) 0.068! 
Valvular* 5/32 (16) 0.0591 
Cardiomyopathy* 3/13 (23) 0.0471 

Left atrial size 24.0 cm 25/180 (14) 2/92 (2) 0.003 










* Patients with >1 type of heart disease were counted in each applicable category 
of underlying heart disease; t compared against patients without underlying heart 
disease. 

NS - not significant. 


TABLE II Significant Predictors of Risk for Systemic 
Embolization in Cox Regression Analysis 


Cox Regression 


Parameter Coefficient 


Left atrial size 24.0 cm 
Female sex 
Structural heart disease 





13 (11%) of 118 patients with a risk score of 2 and in 12 
(2696) of 47 patients with a risk score of 3. Life table 
analysis in Figure 1 shows the distinct gradients of risk 
produced by this scoring. 


DISCUSSION 

Despite the reportedly increased risk of systemic em- 
bolization in patients with AF,'-!!2?27^ anticoagulant 
therapy is routinely used only when mitral stenosis is 
present." Because patients fibrillating without mitral 
stenosis are thought to have a lower risk, the hazards 


CUMULATIVE 
PROPORTION 
FREE OF 
EVENT 
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TABLE Ill Risk Score for Embolization 


No. (96) Pts with 
No. Pts Systemic Embolization 


o (0) 
2 (2) 
13 (11) 
12 (26) 
27 (10) 


and inconvenience of long-term anticoagulation are of- 
ten believed to outweigh the risk of embolization. This 
study, which was done to assess the risk of embolization 
in patients without mitral stenosis, provides a scheme of 
stratification that offers a rational basis for decision 
making. The risk of systemic embolization is increased 
by a large (Z4 cm) left atrium and, to a somewhat less- 
er extent, by female sex and structural heart disease. 
The risk is particularly high if all 3 factors are present. 

Previous studies have produced conflicting informa- 
tion about these risk factors. Rheumatic heart disease 
has been well documented as a risk factor!®° but there 
is little consensus about the impact of other types of 
heart disease. In an autopsy study? of patients with AF, 
the risk of systemic embolization was reported to be 
similarly high in patients with rheumatic heart disease 
and coronary heart disease. This conclusion was not 
confirmed in the Framingham study, in which rheumat- 
ic but not coronary artery disease increased the risk of 
systemic embolization.!>:24 

In this study, a clinical history of angina pectoris or 
myocardial infarction produced a distinct but statistical- 
ly nonsignificant increase in risk, when compared 
against patients with no heart disease. Similarly, the pa- 
tients with nonmitral stenotic valvular heart disease or 
with cardiomyopathy had an increased risk of emboliza- 
tion that was borderline statistically significant. When 
all patients with underlying heart disease were consid- 
ered as a single group, the risk was significantly in- 
creased to 14% (p = 0.02) versus 5% in patients with no 
structural heart disease. 


FIGURE 1. Actuarial curve of risk of sys- 
temic embolization by risk score. Risk 
score 3 had more embolic 
events than risk score 2 (p = 0.006), 1 (p 
= 0.001) and O (p = 0.004). Risk score 2 


had more embolic events than 
risk score 1 (p = 0.02). Risk score 1 did 
not differ i from risk score O (p 
= 0.45). 























The association of AF with left atrial dilatation has 
been well described?? and echocardiographic measure- 
ments of left atrial size have been related to the likeli- 
hood of maintaining normal sinus rhythm after cardio- 
version.2> Autopsy studies have associated the presence 
of left atrial clot with left atrial dilatation, and left atri- 
al size, as assessed by chest radiograph, has been related 
to the frequency of systemic embolization in patients 
with mitral stenosis.) In other reports, however, left 
atrial size was not found to be related to risk of embolic 
stroke.!?.!4 

Echocardiographic measurements of left atrial 
size?226 were used in only 2 previous clinical studies of 
patients with AF and systemic embolization. Both stud- 
ies were retrospective and compared patients with em- 
bolic strokes to those without embolic strokes. Hart et 
al"? compared patients with presumed embolic and non- 
embolic strokes and found the respective mean left atri- 
al sizes to be 4.5 and 4.7 cm, but left atrial size was 
measured in only 22 of 56 patients. Caplan et al? com- 
pared 2 groups of 20 retrospectively identified patients 
with AF without known valvular disease. One group 
had embolic strokes and the other had no strokes. The 
patients with embolic strokes had a significantly higher 
frequency of left atrial enlargement by M-mode and 2- 
dimensional echocardiographic criteria. In this study a 
left atrial size 24 cm, as determined by M-mode echo- 
cardiography, was the single strongest predictor of risk 
for systemic embolization. 

It is unclear why female sex was an independent pre- 
dictor of risk for systemic embolization in this study. 
Embolic events occurred in 14% of the women with AF 
and in 6% of the men. In the Framingham study, the 
frequency of systemic embolization among men and 
women with AF without rheumatic heart disease was 
similar.2!5 In other studies women were found more 
likely to have embolic strokes than men, but the differ- 
ences were not statistically significant. 5?" 

The embolic risk of chronic versus paroxysmal AF is 
uncertain. The risk was found to be similar for the 2 
conditions in some reports?/^?* and elevated for chronic 
AF in others.2?3? In this study the risk was higher in 
patients with chronic AF, but the difference was not 
statistically significant. In the largest prospective 
study!5 of patients with AF, patients with paroxysmal 
AF were excluded. 

Our proposed scoring system, which assigns 1 point 
for each of the 3 significant risk factors, stratifies pa- 
tients with AF into high-, intermediate- and low-risk 
subgroups for systemic embolization. The low-risk pa- 
tients, with a score of 0 or 1, had a 0 and 296 chance of 
systemic embolization, respectively. Those with a score 
of 2 were at intermediate risk (1196) and those with a 
score of 3 were at high risk (26%). 

This method of risk stratification could be useful in 
a trial of anticoagulation, directed at prospectively eval- 
uating the efficacy of anticoagulation in preventing sys- 
temic embolic events in patients with AF.*! Previous re- 
ports have suggested that anticoagulation decreases the 
risk of embolization in patients with mitral stenosis and 


AF and in patients who have already had an embolic 
event.>:!7.27.32-34 [n a recent randomized trial of antico- 
agulation in patients with chronic nonrheumatic AF, 
warfarin significantly decreased the frequency of em- 
bolic events compared to aspirin and placebo.’ The 
proposed scoring system for risk of systemic emboliza- 
tion, in combination with the previously reported risk of 
major bleeding with oral anticoagulation of 1 to 2%/ 
year,°°-38 can provide a valuable basis for decision mak- 
ing in AF patients without mitral stenosis. 
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Right Ventricular Diastolic Function in Systemic 
Hypertension 





Simon Chakko, MD, Eduardo de Marchena, MD, Kenneth M. Kessler, MD, 
Barry J. Materson, MD, and Robert J. Myerburg, MD 


Right (RV) and left ventricular (LV) diastolic 
function was evaluated in 50 patients with mild, 
uncomplicated essential hypertension using pulsed- 
wave Doppler echocardiography. Patients with pul- 
monary, valvular or coronary artery disease were 
excluded and antihypertensive drugs were discon- 
tinued for the 2 weeks preceding the study. Ten 
normotensive patients without heart disease acted 
as control subjects. In the hypertensive patients, 
RV peak velocity of atrial filling was higher (42 + 
10 vs 31 + 7 cm/s, p <0.01) and deceleration half- 
time was prolonged (96 + 20 vs 83 + 10 ms, dif- 
ference not significant); ratio of early /atrial filling 
velocity (1.1 + 0.3 vs 1.7 + 0.4, p <0.001) and 
peak filling rate corrected to stroke volume (3.6 + 
0.7 vs 5.3 + 0.9 SV/s, p <0.001) were lower. LV 
filling parameters showed similar changes. RV fill- 
ing parameters did not correlate with age, LV mass 
or septal thickness but correlated weakly with LV 
radius/thickness ratio. There was good correlation 
between RV and the following corresponding LV 
filling parameters: peak filling rate, r = 0.68, p 
«0.001; ratio of early /atrial filling, r = 0.88, p 
«0.0001; and deceleration half-time, r — 0.62, p 
«0.001. Data indicate that RV diastolic function is 
abnormal in essential hypertension and these 
abnormalities are closely related to those of 


. LV diastolic function. 


(Am J Cardiol 1990;65:1117-1120) 
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diastolic dysfunction was appreciated only recent- 

ly.'? In the past, methods used to evaluate dia- 
stolic function involved the estimation of ventricular vol- 
ume. The anatomy of the right ventricle makes the ac- 
curate measurement of its volume difficult. Therefore, 
there are very few studies of right ventricular (RV) dia- 
stolic function reported. The advent of Doppler echocar- 
diography provides the means by which LV diastolic 
properties can be evaluated noninvasively with relative 
ease.^^ Recently, analysis of the flow across the tricus- 
pid valve by Doppler echocardiography has been used to 
study RV diastolic function. Abnormal diastolic func- 
tion has been shown in patients with RV infarction and 
coronary artery disease.” Effects of systemic hyperten- 
sion on RV function are not well understood. Elevated 
right-sided pressures, impaired RV systolic function and 
RV hypertrophy have been reported in patients with 
systemic hypertension.5-!? This study evaluates RV dia- 
stolic function in systemic hypertension using Doppler 
echocardiography. 


Te clinical significance of left ventricular (LV) 


METHODS 

Study patients: Fifty patients with mild essential hy- 
pertension (diastolic blood pressure 95 to 109 mm Hg) 
were enrolled in this study. The exclusion criteria were 
the following: coronary artery disease diagnosed by 
symptoms, Q waves on electrocardiogram, or segmental 
wall motion abnormalities on echocardiogram; conges- 
tive heart failure or cardiomegaly by chest roentgeno- 
gram/echocardiogram (LV internal diameter >3.2 cm/ 
m2); heart rate «50 or >90 beats/min, first-degree 
atrioventricular block, atrial flutter, fibrillation or any 
cardiac arrhythmia that would interfere with the evalu- 
ation of Doppler echocardiography; moderate or severe 
hypertension (diastolic blood pressure >110 mm Hg); 
insulin-dependent diabetes mellitus; adult bronchial 
asthma, chronic obstructive lung disease or use of bron- 
chodilating drugs; drug or alcohol abuse; valvular heart 
disease diagnosed by physical examination or echocardi- 
ography; and presence of significant valvular regurgita- 
tion by Doppler echocardiography. Antihypertensive 
medications were stopped for the 2 weeks preceding the 
study. The study was approved by the Research and 
Development Committee of the Miami Veterans Affairs 
Medical Center and informed consent was obtained 
from all patients. 

Ten normotensive patients of similar age without hy- 
pertension or heart disease were also studied as normal 
control subjects. All had normal M-mode, 2-dimension- 
al and Doppler echocardiograms. These patients had 
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TABLE I Clinical and Echocardiographic Features 


Control 
Subjects 


Hypertensive 
Patients 


54+ 14 
133 19 
79+6 


99 19 
149 + 10 
100+ 2 
10.5 + 8.0 

5.4+0.5 
291 +65 
143 + 32 
0.38 + 0.06 
4.46 + 0.48 


BP = blood pressure; LA = left atrium; LVID = left ventricular internal dimension; NS 
= not significant; — = not applicable. 


Age (yrs) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 


Duration (yrs) — 


5.5 x 0.3 
210 + 38 
110+ 22 
0.39 + 0.09 
4.01 +0.33 


LVID (cm) 

LV mass (g) 

LV mass index 
Fractional shortening 
LA size (cm) 


been referred to us for echocardiographic study for clin- 
ical symptoms, but were not found to have any cardio- 
vascular abnormalities. 

Echocardiography: The echocardiographic examina- 
tion was performed with a Hewlett-Packard (model 
7020A) imaging system. Complete M-mode, 2-dimen- 
sional and pulsed-wave Doppler echocardiographic 
studies were obtained. M-mode echocardiographic mea- 
surements were made according to the guidelines of the 
American Society of Echocardiography.!! LV mass was 
calculated by the Penn-cube method which was de- 
scribed by Devereux et al.!? For the Doppler studies, the 
sample volume was positioned just inferior to the level 
of the mitral anulus between the tips of the mitral leaf- 
lets as they open during diastole. The Doppler beam 
was aligned so that the angle between the ultrasound 
beam and the blood flow vector was as close to zero as 
possible. Inflow velocity curves were recorded on video- 
tape or stripchart recorder at 100 mm/s. Velocity 
curves from 5 cycles were traced with the use of an off- 
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line computer system. The initial filling velocity (repre- 
senting the early rapid filling [E]) and late filling veloci- 
ty (representing the atrial contraction [A]) were mea- 
sured and their ratio was calculated. The acceleration 
and deceleration half-times were also measured by the 
previously described technique. Doppler echographic 
peak filling rate normalized to mitral stroke volume 
(SV /s) was derived by using the following formula de- 
scribed by Bowman et al!^: peak filling rate (SV/s) = 
early peak filling velocity of mitral inflow (cm/s) divid- 
ed by time velocity integral (mean velocity multiplied 
by diastolic filling time). RV filling velocities were mea- 
sured by using the same formula. 

Statistics: Data are reported as mean + standard 
deviation. Student's ¢ test was used to assess the signifi- 
cance of the differences in the filling parameters be- 
tween the 2 groups. Linear regression was used to assess 
comparisons between data groups. A p value <0.05 was 
considered statistically significant. 


RESULTS 

Adequate signals were obtained in all 10 control 
subjects. Among the 50 patients with hypertension, 18 
were excluded after the echocardiogram due to inade- 
quate study in 9, mitral or tricuspid regurgitation in 7, 
sinus tachycardia in 1 and segmental wall motion ab- 
normality in 1. Clinical and echocardiographic features 
of the 32 patients included in the study are listed in 
Table I. All patients were men. Patients in the control 
group were normotensive and their age was not signifi- 
cantly different from that of the hypertensive patients. 
Electrocardiographic strain pattern was not present in 
any patient. LV mass and mass index (mass corrected 
to body surface area) were higher in the hypertensive 
patients. Patients with LV dilation were excluded; LV 
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FIGURE 1. Correlation between left ventricular (LV) radius/thickness (r/t) ratio and right ventricular (RV) filling parameters. 


DHT = deceleration half-time; E/A = early /atrial filling velocity; PFR = peak filling rate. 
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FIGURE 2. Correlation between left ventricular (LV) and corresponding right ventricular (RV) filling parameters. DHT — 
deceleration half-time; E/A = early/atrial filling velocity; PFR = peak filling rate. 
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TABLE II Left and Right Ventricular Filling Parameters 


Right Ventricle 
Control Hypertension 


Peak E (cm/s) 


Peak A (cm/s) 317 42+10 
E/A Ratio 1.7+0.4 1.1 2 03 
DHT (ms) 83 + 10 96 + 20 
PFR (SV/s) 5.3409 3.6+0.7 









A = velocity of atrial filling; DHT = deceleration half-time; E = velocity of ear! 


systolic function, measured by fractional shortening, 
was normal in both groups. 

RV and LV filling parameters for both groups are 
listed in Table II. RV and LV peak velocity of atrial 
filling, ratio of early/atrial filling velocity and peak fill- 
ing rate corrected to stroke volume were significantly 
different in the hypertensive patients compared to the 
control subjects. RV and LV deceleration half-times 
were prolonged in the hypertensive patients, but only 
the changes in the left ventricle reached statistical sig- 
nificance. We correlated each RV filling parameter 
with various clinical and echocardiographic measure- 
ments. No correlation was found between any of the 
RV filling parameters and age, LV mass, LV mass in- 
dex or septal thickness. There was a weak but signifi- 
cant correlation between LV radius/thickness ratio and 
RV peak filling rate corrected to stroke volume (r = 
0.48, p <0.001), deceleration half-time (r = —0.48, p 
<0.01) and early filling velocity /late filling velocity ra- 
tio (r = 0.40, p «0.05, Figure 1). The RV filling pa- 
rameters correlated well with the following correspond- 
ing LV filling parameters: peak filling rate, r = 0.68, p 
«0.001; early filling velocity /late filling velocity ratio, T 
= 0.88, p «0.0001; and deceleration half-time, r = 
0.62, p <0.001, Figure 2). 


DISCUSSION 

Doppler echocardiographic evaluation of right ven- 
tricular diastolic function: Pulsed-wave Doppler echo- 
cardiography is a proven method in the evaluation of 
LV diastolic function.^ The tricuspid flow velocity curve 
reflects the filling characteristics of the right ventricle. 
The diastolic velocities are slightly lower than those of 
the mitral valve> and technically more difficult to mea- 
sure. Using this technique, Fujii et aló showed impaired 
diastolic filling of the right ventricle in patients with 
coronary artery disease involving the RV branch. Pro- 
longation of the deceleration half-time and reversal of 
the ratio of early/late diastolic inflow were found. Isobe 
et al,’ using the same technique, showed impaired RV 
filling in patients with inferior wall infarction. A signifi- 
cant relation between RV end-diastolic pressure and 
Doppler derived RV filling parameters was also found. 
Recently, a pattern of RV diastolic function character- 
ized by a reduction in early passive filling, with greater 
dependence on atrial contraction for RV filling, was 
shown by Doppler echocardiography in normal neo- 
nates.!° 

Right ventricular abnormalities in hypertension: 
Compared to normal control subjects, patients with un- 





y filling; NS = not significant; PFR = peak filling rate. 





Left Ventricle 






Control Hypertension 


<0.01 53.415 

<0.001 1.4 + 0.2 1.0 + 0.4 <0.01 
NS 82412 101 + 18 , 
«0.001 4.95 + 0.64 3.58 + 0.69 









complicated essential hypertension were found to have 
substantially higher right atrial and RV end-diastolic 
pressures and lower RV ejection fraction. Using M- 
mode echocardiography, RV hypertrophy has been 
shown in patients with uncomplicated essential hyper- 
tension.!° Measurement of RV wall thickness is difficult 
since it is frequently indistinct on the echocardiogram.!6 
We were unable to make accurate measurements of RV 
wall thickness in most patients. 

Right ventricular diastolic function in hypertension: 
Our study shows that RV diastolic function is altered in 
mild, uncomplicated essential hypertension. Peak filling 
rate was lower and deceleration time prolonged, which 
indicates prolonged myocardial relaxation.’ Increase in 
the peak velocity of atrial filling indicates increased atri- 
al contribution to ventricular filling. These parameters 
show that RV diastolic function is altered and is com- 
pensated by an increase in atrial filling. 

Aging has a significant influence on the contour of 
transmitral wave form* and it is likely that the transtri- 
cuspid wave form will also be affected. Hence, it is im- 
portant to note that the normal control subjects and hy- 
pertensive patients were of similar age. There was no 
correlation between age and the degree of RV diastolic 
dysfunction. Previous studies have shown that the ef- 
fects of age on LV filling are overriden by the effects of 
LV disease.!7!8 There was no correlation between LV 
mass and RV filling parameters. This is not surprising 
since even the LV filling parameters do not correlate 
with LV mass.!?2? 

Study limitations: Experience with the use of Dopp- 
ler echocardiography to evaluate RV diastolic function 
is limited and normal ranges have only recently been 
established.’ Because of the position of the right ventri- 
cle in the chest, Doppler beam directed from the apex 
will not be exactly parallel to the tricuspid flow. Dias- 
tole is a complex phenomenon and pattern of filling 
may not reflect all the diastolic properties of the ventri- 
cle. Coronary artery disease was not excluded by coro- 
nary arteriography. 

Mechanisms of right ventricular diastolic dysfunc- 
tion: Effects of LV pressure overload on RV diastolic 
function have not been studied extensively. When LV 
volume and pressure increases, the RV pressure-volume 
curve shifts to the left and becomes steeper.?' The dia- 
stolic interdependence of the 2 ventricles may be due to 
the commonly shared interventricular septum.???? In 
this study, there was good correlation between LV and 
RV filling parameters, which suggests that the altered 
RV diastolic function may be the result of diastolic in- 
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terplay between the 2 ventricles. The RV filling param- 
eters correlated significantly, albeit weakly, with LV ra- 
dius/thickness ratio. The radius/thickness ratio of the 
left ventricle may alter RV diastolic function by way of 
interventricular septum.”4 It is possible that the growth 
factors that stimulate cardiac myocyte hypertrophy of 
the left ventricle in essential hypertension also cause 
similar changes in the RV myocyte. Mild RV hypertro- 
phy has been reported in uncomplicated essential hyper- 
tension which may also explain the altered diastolic 
function. 


Acknowledgment: We thank Michelle Gardner for 
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CONGESTIVE HEART FAILURE 


Effect of Dobutamine on Skeletal Muscle 
Metabolism in Patients 
with Congestive Heart Failure 


Donna M. Mancini, MD, Mitchell Schwartz, MD, Nancy Ferraro, RN, Richard Seestedt, BS, 
Britton Chance, PhD, and John R. Wilson, MD 


OUR SIRE AGGER SS NE Vogt i CRETAE beh OR IHE PUn a i CRI 
Dobutamine is known to increase leg blood flow 
during exercise in patients with heart failure. How- 
ever, it is uncertain whether the increased flow is 
delivered to working skeletal muscle. In 7 patients 
with heart failure, the effects of dobutamine were 
examined on calf phosphorus-31 magnetic reso- 
nance spectroscopy (MRS) spectra and femoral 
vein blood flow during rest and upright plantar flex- 
ion. During upright plantar flexion every 3 seconds, 
dobutamine increased femoral venous blood flow 
(control 1.7 + 0.1; dobutamine 2.1 + 1.0 
liters/min; p <0.05) and increased femoral venous 
O- saturation (control 24 + 5%; dobutamine 31 + 
2%: p <0.05), indicating improved total leg blood 
flow. However, dobutamine did not change the 
slope of the relation between systemic VO2 and the 
calf inorganic phosphate to phosphocreatine rela- 
tion (control 0.0054 + 0.0039; dobutamine 0.0056 
+ 0.0032; difference not significant) and did not 
change muscle pH, suggesting no improvement in 
blood flow to active skeletal muscle. These findings 
suggest that dobutamine does not improve oxygen 
delivery to working skeletal muscle in patients with 
heart failure, despite its ability to increase cardiac 
output and limb blood flow. 

(Am J Cardiol 1990;65:1121-1126) 
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by exertional fatigue, due in part to skeletal muscle 
underperfusion.'? Myocardial dysfunction cou- 
pled with an abnormality of arteriolar vasodilation dur- 
ing exercise has been postulated to underlie the skeletal 
muscle underperfusion in heart failure. Therefore, phar- 
macologic agents with both positive inotropic and vaso- 
dilatory properties should alleviate muscle fatigue. Nev- 
ertheless, dobutamine, a drug that exhibits such desir- 
able features,?-> has no effect on either the maximal 
exercise capacity of patients or their blood lactate re- 
sponse to exercise, despite increases in leg blood flow.®.’ 
This could indicate that dobutamine does not improve 
oxygen availability within working skeletal muscle. Al- 
ternatively, dobutamine may in fact improve skeletal 
muscle perfusion and metabolism. Maximal exercise ca- 
pacity may not change because it is influenced by vari- 
ables such as patient motivation and dyspnea and there- 
fore does not represent a reliable index of skeletal mus- 
cle function. Blood lactate may not change despite 
improved intracellular metabolism due to a dissociation 
between intracellular metabolism and blood lactate 
changes.® 
Phosphorus-31 magnetic resonance spectroscopy 
(MRS) offers a noninvasive method of establishing 
whether or not dobutamine enhances oxygen delivery to 
working skeletal muscle. Phosphocreatine, inorganic 
phosphate and pH are sensitive to changes in muscle 
oxygen delivery.?-!! If dobutamine enhances perfusion 
of a hypoxic, working muscle, one would expect an in- 
crease in phosphorcreatine and pH and a decrease in 
inorganic phosphate. Therefore, the present study was 
undertaken to determine if dobutamine alters these 
metabolic parameters in patients with chronic heart 
failure. To confirm that dobutamine improves leg blood 
flow, femoral venous blood flow and hemoglobin O; sat- 
uration were also measured. 


P atients with heart failure are frequently limited 


METHODS 

Subjects: Seven patients with chronic heart failure 
were studied. The average age was 52 + 8 years. All 
patients were receiving digoxin, diuretics and vasodila- 
tor agents. None of the patients had peripheral edema, 
claudication, angina or valvular heart disease. All pa- 
tients were screened for peripheral vascular disease. Eti- 
ology of heart failure was coronary artery disease in 3 
patients and cardiomyopathy in 4 patients. Left ventric- 
ular ejection fraction averaged 20 + 5% (range 10 to 
24) and mean peak oxygen consumption averaged 16.7 
+ 3.6 ml/min/kg (range 11.7 to 23.7). 
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The protocol was approved by the Committee on 
Studies Involving Human Beings at the University of 
Pennsylvania. Written informed consent was obtained. 

Leg flow studies: Leg blood flow measurements 
were performed in 5 patients using previously described 
techniques.!ó In 2 patients receiving long-term antico- 
agulation, leg flow measurements were not obtained. A 
50 cm 5Fr thermodilution catheter with a thermistor at 
2 cm and an injection port at 12 cm (Elecath) was in- 
serted into the femoral vein and advanced in a retro- 
grade fashion 18 cm. Flows were determined by rapid 
injection of a 2.5 ml iced dextrose bolus using a com- 
mercially available thermodilution computer. In 2 pa- 
tients, a thermodilution Swan-Ganz catheter was also 
inserted. 
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FIGURE 1. Heart rate and blood pressure measurement at 
rest and during exercise in control and dobutamine studies (*p 
«0.05 control vs dobutamine). 
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(P,/PCr vs VO;) 
Re RC RET HOSTE d SE FORES ACRES ah 
First Second First Second 


Rest 0.20 + 0.03 0.22 + 0.03 7.12 € 0.16 

PF every 9 1.14 € 0.93 1.15 € 0.24 6.96 + 0.10 
seconds 

PF every 6 1.52 € 0.72 1.03 + 0.31 6.94 + 0.20 
seconds 

PF every 3 1.63 + 0.52 1.85 + 0.54 6.78 + 0.18 
seconds 


P, = inorganic phosphorus; PCr = phosphocreatine; PF = plantar flexion; VO = oxygen consumption. 


Work Slope (min/ml) 










7.13 +0.19 
7.02 + 0.20 


0.0078 + 0.0044 0.0070 x 0.0038 







7.04 + 0.07 





6.78 + 0.20 






After catheter insertion, resting flow was determined 
in triplicate with the patient standing. Femoral venous 
blood was obtained for lactate and hemoglobin O; satu- 
ration. The patient then performed upright plantar flex- 
ion (toe-ups) at 3 different frequencies: every 9, 6 and 3 
seconds. The higher the frequency, the greater the 
workload. Contractions were sustained for approximate- 
ly 1 second. Each workload was performed for 5 min- 
utes with continuous monitoring of heart rate and respi- 
ratory gases (SensorMedics metabolic cart) and mea- 
surement of cuff blood pressure at the end of each 
workload. During the last 2 minutes of exercise, flows 
were determined in triplicate and femoral venous blood 
samples were obtained. Each workload was separated 
by a 15-minute rest period. 

Each patient performed the exercise sequence twice, 
once during the control state and once while receiving 
dobutamine. The 2 sequences were separated by at least 
a 90-minute rest period. The sequence of administration 
of dobutamine was randomized. Dobutamine was in- 
fused at an initial rate of 3 ug/kg/min for 10 minutes. 
The dose was then increased by 3 ug/kg/min every 10 
minutes until a maximal dose of 15 ug/ kg/min was 
reached or a 20% increase in heart rate, 20% decrease in 
systolic arterial pressure or an increase in ventricular 
ectopic beats was noted. The peak dose achieved aver- 
aged 9.0 + 2.4 ug/kg/min. Exercise was then per- 
formed on the maximally tolerated dose. 

Blood for lactate measurements was deproteinized 
with cold perchloric acid and assayed with a spectro- 
photometric technique. Hemoglobin O; saturation was 
measured with an Instrumentation Laboratories 282 
Co-Oximeter. 

Phosphorus-31 magnetic resonance spectra stud- 
ies: Calf MRS studies were performed on a separate 


. day from the flow studies. The MRS protocol has been 


previously described.!? In brief, the patient was brought 
to the MRS laboratory. The leg was positioned in an 
11.5 inch bore 1.9 tesla superconducting magnet (Ox- 
ford Research System). The calf was placed over a 4.5 
cm diameter surface coil. Following optimization of 
field homogeneity, a 4-minute rest scan was recorded 
using radiofrequency pulses (pulse width 25 to 35 us) 
applied every 5 seconds. The patient was then with- 
drawn from the magnet and, outside the magnet, per- 
formed upright plantar flexion. Exercise was performed 















at 3 different frequencies: every 9, 6 and 3 seconds. 
Each workload was performed for 5 minutes with con- 
tinuous monitoring of heart rate and expired respiratory 
gases (SensorMedics metabolic cart) and measurement 
of cuff blood pressure at the end of the workload. After 
5 minutes of exercise at a given workload, a rapidly in- 
flating pneumatic cuff (D.E. Hokanson, Inc.) was in- 
flated around the upper thigh to 250 mm Hg to 
“freeze” metabolism. The patient’s leg was then rapidly 
repositioned within the magnet (<1 minute) and a 3- 
minute MRS scan was performed. The cuff was deflat- 
ed. After a 10- to 15-minute rest/recovery period, the 
next workload was performed. 

In each patient, the exercise protocol was repeated 
twice, and the 2 exercise sequences were separated by 
90 minutes. During one of the sequences, dobutamine 
was infused at the previously determined level. The in- 
fusion was started 30 minutes before exercise and main- 
tained during all 3 workloads. 

Quantitation of metabolic components was obtained 
from Fourier-transformed MRS spectra.?-!! An expo- 
nential multiplication equivalent to a line broadening of 
15 Hz was used, yielding a width at half height for 
phosphocreatine (PCr) of <1 ppm. Triangulation was 
used to assess inorganic phosphorus (P;) and PCr signal 
area. Intracellular pH was measured as the chemical 
shift difference of P; from PCr.?? 

To investigate the reproducibility of MRS data, 5 
patients with heart failure performed upright plantar 
flexion on 2 separate occasions. Comparable inorganic 
phosphorus to phosphocreatine ratio (P;/PCr) and pH 
values were obtained at rest and with exercise (Table I). 

Statistical analysis: Data accumulated with and 
without dobutamine were compared with Student's 
paired 1 test. Correlations of variables were performed 
using least squares linear regression analysis. A p value 
«0.05 was considered significant. All data are expressed 
as mean + standard deviation. 


RESULTS 

Leg blood flow: Systemic VO; increased significant- 
ly throughout exercise (Figures 1 and 2, Table II). 
Heart rate and blood pressure measured during each 
workload at the time of leg flow and spectroscopic stud- 
ies were comparable; no difference was significant. 

During control and dobutamine sequences, femoral 
venous oxygen saturation decreased significantly (p 
<0.05) from resting values during plantar flexion at 
rates of every 6 and 3 seconds. Similarly, leg blood flow 
increased significantly over resting flow during exercise 
at rates of every 6 and every 3 seconds (p <0.05). Lac- 
tate was significantly increased over resting values only 
at the highest workload (p <0.05). 

When compared to control exercise, dobutamine in- 
fusion resulted in a significant increase in heart rate at 
rest and throughout exercise, whereas mean arterial 
pressure was unchanged (Figure 1). Leg blood flow 
tended to be higher at all levels of exercise, but achieved 
Statistical significance only at the highest workload. 
Femoral venous hemoglobin O, saturation was signifi- 
cantly greater throughout exercise, implying improved 











limb perfusion. No significant change in femoral ve- 
nous lactate concentration was noted (Figure 2). 

Phosphorus-31 magnetic resonance spectroscopy: 
Control exercise resulted in a progressive increase 
in the Pj/PCr ratio and a decrease in intracellular 
pH. 
If dobutamine augmented blood flow to active 
skeletal muscle, one would anticipate improvement 
in muscle metabolism. At each level of exercise the 
P;/PCr ratio should be lower and pH higher. Do- 
butamine had no effect on the slope of the relation 
between systemic VO, and the P; /PCr ratio 
(control 0.0054 + 0.0039 vs dobutamine 0.0056 + 
0.0032 [difference not significant]) or on muscle pH 
(Figure 3, Table II). 

Representative phosphorus-31 MRS spectra from 
patient no. 2 are shown in Figure 4. This patient also 
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FIGURE 2. Limb blood flow, femoral venous oxygen satura- 
tion and femoral venous lactate at rest and each level of exer- 
cise during control and dobutamine studies (*p «0.05 control 
vs dobutamine). 
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TABLE Il NMR Metabolic Measurements During Control and 
Dobutamine Infusion 
Pi f PCr 


Workload C 














Rest 0.20+0.06 0.17+0.05 7.024006 7.04 + 0.05 

PFevery9 0.82+0.19 0.924032 6.98 + 0.07 7.04+0.19 
seconds 

PFevery6 0.98+0.29 1.22+0.51* 69440.09 6.994 0.06 
seconds 

PFevery3 1.50+0.51 1.394042 6864012 693+ 0.09 


seconds 






* p <0.05 control versus dobutamine. 
C = control; DB = dobutamine; other abbreviations as in Table |. 


had systemic hemodynamic measurements performed. 
Twelve ug/kg/min of dobutamine increased his resting 
heart rate from 86 to 95 beats/min, mean arterial blood 
pressure from 80 to 83 mm Hg, cardiac index from 1.49 
to 3.59 liters/min/m? and pulmonary artery saturation 
from 46 to 68%. Pulmonary capillary wedge remained 
unchanged at 30 mm Hg. Resting femoral venous oxy- 
gen saturation increased markedly from 50 to 80% and 
remained significantly increased throughout exercise. 
Leg blood flow was significantly higher at rest (control 
0.8 liters/min; dobutamine 1.26 liters/min) and the 
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highest workload (control 1.83 liters/min; plantar flex- 
ion every 3 seconds 3.46 liters/min). Despite this im- 
pressive hemodynamic effect, no substantial change in 
MRS spectra was observed either at rest or during exer- 
cise (Figure 4). 


DISCUSSION 

During exercise in the presence of normal blood 
flow, muscle oxidative metabolism is stimulated by an 
increase in adenosine diphosphate, the level of which is 
linearly related to cellular VO». Muscle glycolysis is 
also stimulated, resulting in a decrease in pH. Muscle 
underperfusion produces an upward shift in the adeno- 
sine diphosphate to VO» relation. Concurrently, glycoly- 
sis is augmented and muscle pH drops. These metabolic 
changes can be noninvasively assessed using phospho- 
rus-31 MRS by monitoring intramuscular PCr, P; and 
the shift between these 2 peaks. The P;/PCr ratio paral- 
lels changes in adenosine diphosphate. Therefore, the 
relation between P;/PCr and VO» can be used to esti- 
mate changes in the adenosine diphosphate to VO; rela- 
tion. The shift between P; and PCr is proportional to 
cellular pH. 

In the present study, we used phosphorus-31 MRS 
to investigate the effect of dobutamine on muscle blood 
flow. During control exercise, we monitored P;/PCr and 












FIGURE 3. Inorganic phosphorus to phos- 
phocreatine ratio (P;/PCr) and intracellular 
pH versus oxygen consumption (VO2) at 
rest and during exercise during control 
and dobutamine studies. 




















pH responses. We then reevaluated responses during the 

infusion of dobutamine. We reasoned that if dobuta- 
Mine improves muscle blood flow, this should result in a 
downward shift in the P; /PCr to VO, slope and an in- 
crease in muscle pH. 

During control exercise, our patients exhibited in- 
creases in the P;/PCr ratio and decreases in intramus- 
cular pH that were more marked than changes previ- 
ously observed by us in normal subjects, '? indicating an 
abnormal metabolic response to exercise. At peak exer- 
cise, femoral venous hemoglobin O, saturation de- 
creased to 23 + 5% associated with an increase in blood 
lactate levels, consistent with muscle underperfusion. 
Metabolic abnormalities during submaximal exercise 
that are unrelated to gross reductions in limb blood flow 
have been described in forearm muscle in patients with 
heart failure.'*"'© Calf exercise results in substantially 
greater increases in systemic VO; than does forearm ex- 
ercise and thus exhausts circulatory reserve more readi- 
ly than does forearm exercise. 

Administration of dobutamine to our patients in- 
creased leg blood flow and decreased femoral venous 
hemoglobin oxygen saturation, consistent with prior ob- 
servations. The changes in femoral venous oxygen satu- 
ration produced by dobutamine were more dramatic 
than the changes in leg flow, due most likely to difficul- 
ties in accurately measuring small changes in leg blood 
flow during plantar flexion. With each plantar flexion, 
calf muscle contraction ejects blood into the veins. This 








FIGURE 4. Phosphorus-31 NMR spectra 
from a representative patient (no. 2) at 
rest and during exercise during control 
and dobutamine infusion. 
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results in pulsatile changes in femoral vein flow that are 
variably sampled by the bolus thermodilution technique. 

Despite the change in leg blood flow, no evidence of 
improved oxygen delivery to working skeletal muscle 
was observed. The degree of increase in the P; / PCr ra- 
tio and decrease in muscle pH with exercise remained 
comparable to control exercise. Femoral venous blood 
lactate levels were unchanged. 

Results of this study therefore suggest that dobuta- 
mine does not increase oxygen delivery to working skel- 
etal muscle. Presumably, the dobutamine-induced in- 
crease in leg blood flow was directed to other tissues 
within the leg. This finding is consistent with the obser- 
vation of Drexler et al!’ that dobutamine does not in- 
crease skeletal muscle blood flow in the rat. A less likely 
explanation is that dobutamine improved muscle blood 
flow but that the muscle was unable to use the delivered — 
blood. Alternately, muscle metabolism may have im- 


proved minimally but not to an extent detectable bys E 1 


phosphorus-31 MRS. Maintenance of oral vasodilator 
therapy may also have attenuated the effect of dobuta- 
mine. 

Results of this study explain the previously observed 
failure of short-term dobutamine therapy to improve 
the maximal exercise capacity of patients with heart 
failure. This study also illustrates how a noninvasive 
methodology can be used to assess the effect of pharma- 
cologic agents on exercising skeletal muscle in patients 
with heart failure. Phosphorus-31 MRS provides infor- 


Dobutamine 
(12 ucg/kg/min) 







ppm ppm 


1125 


ác 















SAMOS Air 
+ ah ET pe d 


mation about the effect of the intervention on intracel- 
lular metabolism. Such an approach could potentially 
be used to evaluate both short- and long-term therapeu- 


| tic interventions, since studies can be repeated multiple 
times with minimal discomfort to patients. 
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serious. Activase® is contraindicated in patients 
with: active internal bleeding, history of cerebro- 
vascular accident, recent (within two months) 
intracranial or intraspinal surgery or trauma, 
intracranial neoplasm, arteriovenous malfor- 
mation, or aneurysm, known bleeding 

diathesis, severe uncontrolled hypertension. 
(See WARNINGS section of brief summary of 
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Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: * Active internal bleeding * History of cerebrovascu- 
lar accident * Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) « Intracranial neoplasm, arteriovenous malformation, or aneurysm * Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: * Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e. g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
y with ACTIVASE* Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE* it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE* and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE* should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE* therapy may be increased and should be weighed 
against the anticipated benefits: « Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease * Recent (within 10 
days) gastrointestinal or genitourinary bleeding * Recent (within 10 days) trauma * Hypertension: 
systolic BP- 180 mm Hg and/or diastolic BP=110 mm Hg * High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation + Acute pericarditis « Subacute bacterial endocarditis + Hemostatic 
defects including those secondary to severe hepatic or renal disease * Significant liver dysfunction « 
Pregnancy * Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old + Patients currently receiving oral anticoagulants » Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
Aytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE* is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE* therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE* to reduce the risk of rethrombosis. Because either heparin or ACTIVASE* alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE* It is 
also not known whether ACTIVASE* can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility, Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mitotic index, was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 

Nursing Mothers It is not known whether ACTIVASE* is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 

ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 

^ reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 


ACTIVASE 





The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 


Dose Number of Patients 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 





These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials? is not signficantly different in the ACTIVASE® treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE* therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE* as soon as possible after the onset 
of symptoms. 

ACTIVASE® is for intravenous administration only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (116 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 


A DOSE OF 150 MG OF ACTIVASE* SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE* has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE* should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE* be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
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Assessment of Peak Oxygen Consumption, 
Lactate and Ventilatory Thresholds 
and Correlation with Resting and Exercise 
Hemodynamic Data in Chronic Congestive 
Heart Failure 


Marco Metra, MD, Riccardo Raddino, MD, Livio Dei Cas, MD, and Odoardo Visioli, MD 


To determine the clinical value of respiratory gas 


analysis during exercise, oxygen consumption 
(VO2) at peak exercise and at lactate and ventila- 
tory threshold was assessed in 34 patients with 
chronic heart failure who underwent maximal exer- 
cise testing with expiratory gas monitoring and 
serial determinations of mixed venous lactate and 
hemodynamics by Swan-Ganz catheterization. A 
lactate threshold, defined as the point of abrupt in- 
crement of blood lactate, could be identified in ev- 
ery patient; the ventilatory threshold, detected on 
the basis of the respiratory changes, was found in 
26 patients (77%). Lactate and ventilatory thresh- 
olds were significantly related to each other (r = 
0.94; p <0.001) and to peak VO; (r = 0.89; p 
«0.001 in both). Among the resting hemodynamic 
measurements, peak VO; was significantly related 
only to total pulmonary resistances (r = —0.35). 
Among the parameters at maximal exercise, it was 
positively related to cardiac index, stroke work, 
stroke volume index and mean arterial pressure (r 
= 0.89, 0.74, 0.74 and 0.56, respectively) and in- 
versely related to systemic vascular and total pul- 
monary resistances (r = —0.74 and —0.63). Using 
multivariate stepwise regression analysis only max- 
imal cardiac index and, to a lesser degree, total 
pulmonary resistance were related to peak VO;. 
Similar correlations were found between the hemo- 
dynamics and the lactate and ventilatory threshold. 

Thus, peak VQ2, lactate and ventilatory thresh- 
olds can be detected in most patients with chronic 
heart failure. These parameters are highly correlat- 
ed to each other and bear similar relations to the 
hemodynamic response to exercise. The cardiac in- 
dex is the main central hemodynamic determinant 
of exercise capacity. 

(Am J Cardiol 1990;65:1127-1133) 
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xercise testing with respiratory gas analysis has 

been recently introduced as a tool to quantitate 

objectively the functional capacity of patients 
with chronic congestive heart failure.!-8 The maximal 
oxygen consumption (VO») and the anaerobic threshold 
are the 2 main parameters assessed by this method. 
Both of them, however, have been recently criticized. 
Maximal VO; is defined as the point at which VO; 
reaches a plateau despite further increments of the work 
rate’; however, some have pointed out that a VO, pla- 
teau is not generally observed in patients with heart fail- 
ure.^? Moreover, the relation between maximal VO; 
and the hemodynamic response to exercise is still con- 
troversial.!^?-1? 

The concept of the anaerobic threshold has also been 
questioned recently. This term was introduced to define 
the level of exercise above which oxygen delivery be- 
comes inadequate to meet the requirements of the work- 
ing muscles and anaerobic glycolysis ensues.!? However, 
anaerobic glycolysis can also be present at rest and the 
increase in lactate during exercise can be merely due to 
the reduction of its metabolism.!^ Thus, some investiga- 
tors have suggested use of the terms lactate and ventila- 
tory thresholds instead of anaerobic threshold to define, 
respectively, the lactate and respiratory changes during 
exercise? Moreover, the relation of the anaerobic 
threshold to the other functional respiratory parameters, 
namely peak VO», and the hemodynamic response to 
exercise is still partially unsettled. 

To evaluate the clinical value of respiratory gas 
analysis during exercise, we assessed VO» at lactate and 
ventilatory thresholds and at peak exercise and analyzed 
the relations between these parameters and the resting 
and exercise hemodynamics in a group of 34 patients 
with chronic congestive heart failure who underwent 
maximal bicycle exercise testing. 


METHODS 

Patients: The study group consisted of 34 men, 
mean age 56 years (range 23 to 73) with chronic stable 
congestive heart failure. The cause of heart failure was 
idiopathic cardiomyopathy in 24 patients and coronary 
artery disease in 10. All complained of dyspnea and fa- 
tigue and had cardiothoracic ratios >54% on the chest 
roentgenogram and depressed left ventricular ejection 
fractions (<0.40, range 0.11 to 0.39) by radionuclide or 
contrast ventriculography. Twelve patients were in New 
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TABLE I Rest and Exercise Hemodynamic and Metabolic 
Parameters 


Peak 
Exercise 


83 + 23 
92+8 
2.43 € 0.72 
Srl 
32414 
1,702 + 470 
3447 
5+3 
23+12 
16+10 
438 + 274 
119+ 59 


146+ 23 
114 € 17 
5.73 + 2.28 
40 1- 16 
46+ 28 
905 + 337 
6819 
10+5 
45 i14 
35412 
436 + 272 
96 + 56 


HR (beats/min) 
MAP (mm Hg) 

Cl (liters / min / m?) 
SVI (cc/min/m?) 
SWI (cc/beat/m?) 
SVR (dynes s cm~°) 
O» extraction (%) 
RAP (mm Hg) 
mPAP (mm Hg) 
PCPW (mm Hg) 
TPR (dynes s cm^5) 
PVR (dynes s cm^?) 
Blood lactate (mg/dl) 1144 55 + 24 
VO» (ml/kg/min) 3.80 4 1.11 17.38 + 5.95 


CI = cardiac index; HR = heart rate; MAP = mean arterial pressure; mPAP = mean 
arterial pulmonary pressure; PCWP = pulmonary capillary wedge pressure; PVR = 
pulmonary vascular resistance; RAP = right atrial pressure; SVI = stroke volume 
index; SVR = systemic vascular resistance; SWI = stroke work index; TPR = total 
pulmonary resistance; VO? = oxygen consumption. 


York Heart Association functional class II; 22 were in 
class III. All had a documented history of pulmonary 
edema or fluid retention but had been clinically stable 
for at least 3 months before the study. Patients with a 
recent myocardial infarction (<4 months), angina pec- 
toris, primary valvular heart disease, intermittent clau- 
dication or obstructive pulmonary disease, detected by 
lung function tests or blood gas analysis, were excluded. 
Patients with electronic pacemakers or evidence of sinus 
or atrioventricular node dysfunction were also excluded. 
All patients were taking digoxin and diuretics (furose- 
mide, 25 to 250 mg, plus spironolactone 100 mg in 3 
patients or metozolone 10 mg in 2); all drugs were ad- 
ministered at least 12 hours before the study. All vaso- 
dilators were withheld at least 72 hours before the 
study. 

Exercise testing: All patients underwent at least 1 
preliminary exercise test with expiratory gas monitoring 
2 to 14 days before the study to familiarize them with 
this procedure. Exercise tests were performed 3 to 4 


Mixed 45 
Venous 
Lactate 


(mg^) 30 


15 


75 
"^ VO2 MAX 


FIGURE 1. Mixed venous lactate increment during maximal 


exercise testing in the 34 studied patients. Data are plotted 
against the percentage of peak oxygen consumption (VO;). 
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hours after a light meal with the patient sitting upright 
on a bicycle ergometer. After a minimum rest period of 
15 minutes exercise was begun with 2 minutes of pedal- 
ing at 0 watts with workload increases of 20 watts every 
2 minutes at the velocity of 50 rpm up to the appear- 
ance of limiting dyspnea or fatigue. No patient had 
chest pain, serious cardiac arrhythmias or exercise-in- 
duced ST-segment depression Z1 mm during the test. 
Heart rate and rhythm were continuously monitored by 
the electrocardiogram and blood pressure was measured 
by standard cuff sphygmomanometry. Expiratory gas 
analysis and hemodynamic monitoring were carried out 
during the exercise test in all the patients. 

Expiratory gas monitoring: Gas exchange analysis 
was performed with the patient breathing into a low re- 
sistance 2-way valve (dead space: 100 ml) with his nose 
clamped. Expired flow, oxygen and carbon dioxide par- 
tial pressures were continuously monitored on a breath 
by breath basis using a 2001 Medical Graphics system. 
From these data the following ventilatory parameters 
were calculated and plotted using an on-line computer 
for the determination of the ventilatory threshold: VO», 
carbon dioxide production, minute ventilation, respira- 
tory exchange ratio, ventilatory equivalent for oxygen, 
ventilatory equivalent for carbon dioxide, end-tidal oxy- 
gen tension and end-tidal carbon dioxide tension. When 
a plateau of VO»; was not evident at maximal exercise, 
peak VO; was calculated averaging the final 30 seconds 
of exercise. 

Hemodynamic and metabolic monitoring: Each pa- 
tient underwent right-sided heart catheterization using 
a triple lumen Swan-Ganz catheter inserted percutane- 
ously through an antecubital vein and positioned in the 
pulmonary artery. Measured hemodynamic variables 
included systolic and diastolic pulmonary artery pres- 
sures, pulmonary capillary wedge pressure and mean 
right atrial pressure. When diastolic pulmonary artery 
pressure was identical to pulmonary wedge pressure, the 
former was used as an index of the wedge pressure it- 
self. Cardiac output was determined by the direct Fick 
method using mixed venous samples taken from the pul- 
monary artery lumen of the Swan-Ganz catheter and 
arterial samples taken from an arterial cannula posi- 
tioned in the radial artery. Hemoglobin, blood gas ten- 
sions and oxygen saturation were measured using a 
blood gas analyzer. Hemodynamic measurements were 
obtained at rest, after an equilibration period of at least 
15 minutes and continuously during exercise. The blood 
samples for oximetry were obtained in duplicate at rest 
and during the last minute of each workload. No pa- 
tient showed a variation of >0.2% of oxygen saturation 
in the samples obtained in duplicate. The derived hemo- 
dynamic parameters were calculated according to stan- 
dard formulas.!6 Systemic oxygen extraction was calcu- 
lated as the ratio of the arterial-venous oxygen differ- 
ence to arterial oxygen content X 100. 

To determine mixed venous lactate concentrations, 
blood samples were taken from the pulmonary artery 
lumen of the Swan-Ganz catheter at rest and during 
each minute of exercise. Measurements were performed 
using a Carbochiem-Behring rapid lactate kit. 

















ters: Maximal VO, was identified by the occurrence of 
a plateau of VO» despite further increases in the work- 
load. According to others," maximal VO; is consid- 
ered clearly identified when an increase in VO; <1 ml/ 
_kg/min in comparison with that produced by the previ- 
ous workload is observed. 

The ventilatory threshold was determined as the lev- 
el of VO» at which we observed an increase of the venti- 
latory equivalent of oxygen without a simultaneous in- 
crease of the ventilatory equivalent of carbon dioxide 

. and an increase of end-tidal oxygen partial pressure 


_ without a simultaneous decrease of end-tidal carbon di- 


oxide partial pressure.!? Lactate threshold was defined 
as the VO» at which blood lactate level began to in- 
crease abruptly during exercise? The actual determina- 


—. tion of these parameters was made by visual inspection 
= . ef the graphs obtained plotting each measurement ver- 
. sus both exercise time and VO» expressed as the per- 


 centage of peak VO». The threshold was assigned to the 
corresponding VO». 

Statistical analysis: Differences between patient 
groups were evaluated by unpaired : test. The relation 
between the hemodynamic, metabolic and respiratory 
parameters was assessed by linear regression analysis. 
Multivariate stepwise regression analysis was used to 
evaluate the independent predictive value of the hemo- 
dynamic parameters significantly related to exercise ca- 
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pacity by simple regression analysis. All data are ex- 
pressed as mean + standard deviation. A p value <0.05 
was considered statistically significant. 


RESULTS 

Exercise was primarily limited by fatigue in all the 
patients; 6 patients also complained of dyspnea. 

VO, increased from 3.80 + 1.11 to 17.38 + 5.95 
ml/kg/min at peak exercise (range 8.64 to 26.78). 
Maximal VO», defined by the occurrence of a plateau 
of VO» at maximal exercise, was present in 22 patients 
(65%); in the others the average of VO; values during 
the last 30 seconds of exercise (peak VO») was consid- 
ered for analysis. Mixed venous lactate increased from 
11 + 4 at rest to 55 + 24 mg/dl at maximal exercise 
(range 16 to 91). 

The blood lactate increases during exercise had a 
curvilinear pattern with progressive increases present 
even at low levels of exercise (Figure 1). A lactate 
threshold, defined as the VO, at which blood lactate 
begins to increase more steeply, could always be identi- 
fied (Figure 2). In contrast, the ventilatory threshold 
could be clearly determined in only 26 of 34 patients 
(77%). In these 26 patients, the VO; and blood lactate 
values averaged 11.54 + 3.67 ml/kg/min and 21 + 9 
mg/dl at the lactate and 12.30 + 3.59 ml/kg/min and 
26 + 11 mg/dl at the ventilatory threshold, respectively. 
There was no significant difference between the 2 meth- 
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Heart rate (beats /min) 


MAP (mm Hg) 0.11 

Cl (liters /min/m?) 0.15 

SVI (cc/min/m?) 0.08 0.74 
SWI (cc /beat/m?) 0.15 0.74* 
SVR (dynes s cm~°) —0.21 —0.74* 
Ov extraction (76) —0.08 0.14 
RAP (mm Hg) —0.25 —0.31 
mPAP (mm Hg) —0.28 —0.26 
PCPW (mm Hg) —0.32 —0.32 
TPR (dynes s cm^5) —0.35* —0.63+ 
PVR (dynes s cm~°) —0.15 —0.26 
Blood lactate (mg/dl) 0.11 —0.03 








* p «0.05; t p «0.01; * p «0.001. 





ods of evaluation of the anaerobic threshold. The in- 
creases of VO; and mixed venous lactate over the rest- 
ing values at the ventilatory and lactate thresholds and 
at peak exercise are shown in Figure 3. The VO» and 
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Ex = exercise; LT = lactate threshold; R = rest; VT = ventilatory threshold; other abbreviations as in Table I. 
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0.17 0.75+ 0.17 0.69: 

0.23 0.75* 0.33 0.76* 
—0.29 —0.73+ —0.28 —0.62* 
0.25 0.04 —0.34 —0.08 
—0.24 —0.31 0.35 —0.25 
—0.34* —0.39 —0.40* —0.46* 
=0.37* —0.43t —0.39* —0.49t 
—0.44' —0.68* —0.45* —0.65* 
—0.28 —0.441 —0.43* —0.53! 


lactate changes were not significantly different in the 26 
patients in whom the ventilatory threshold could be de-  __ 
termined in comparison with the whole study group; be- 
cause of the wide variability of individual responses an 
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absolute value of blood lactate corresponding to the lac- 
tate threshold could not be identified. 

The hemodynamic and metabolic responses to exer- 
cise are listed in Table I. Among the resting hemody- 
namic parameters, peak VO» was significantly related 
only to total pulmonary resistances (r = —0.35). When 
maximal exercise hemodynamics were considered, peak 
VO, was significantly and positively correlated with 
cardiac index, stroke work and stroke volume index, 
mean arterial pressure and, to a lesser degree, heart rate 
(r = 0.89, 0.74, 0.74, 0.56, 0.36, respectively), and in- 
versely related to systemic vascular resistance and total 
pulmonary resistance (r = —0.74 and —0.63). Maximal 
peripheral oxygen extraction, pulmonary pressures and 
pulmonary vascular resistance were not significantly re- 
lated to peak VO; (Table II). Using multiple stepwise 
regression analysis only cardiac index and, to a far less- 
er degree, total pulmonary resistances were indepen- 
dently related to peak VO» (Table III). 

A significant correlation was noted between peak 
VO» and both lactate and ventilatory threshold (r = 
0.89 in both). These 2 last parameters were also signifi- 
cantly related to each other (r = 0.94) (Figure 4). Thus, 
analysis of the relations between lactate and ventilatory 
threshold and rest and exercise hemodynamics yielded 
results similar to those observed using peak VO; (Table 
II). Among the resting parameters, only total pulmo- 
nary resistances, mean pulmonary arterial pressure and 
pulmonary wedge pressure presented a slight but signifi- 
cant relation to lactate threshold (r = —0.44, —0.34 and 
—0.37, respectively). Ventilatory threshold was also sig- 
nificantly related to pulmonary vascular resistance (r — 
—0.45, —0.40, —0.39 and —0.43, respectively). The lac- 
tate and ventilatory thresholds were significantly related 
to the maximal exercise cardiac index, stroke work and 
stroke volume index and mean arterial pressure (r — 
0.85, 0.75, 0.75 and 0.53 and r = 0.80, 0.76, 0.69 and 
0.60 when lactate and ventilatory thresholds were con- 
sidered, respectively). Systemic vascular resistance, total 
pulmonary resistance and, to a lesser extent, pulmonary 
vascular resistance and pulmonary capillary wedge pres- 
sure at maximal exercise were inversely related to both 
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TABLE Ill Multiple Stepwise Correlation Between 
Hemodynamic and Cardiopulmonary Parameters 


Selected Multiple F to 
Parameter R Enter 


Peak VO% Cl 128.73 

TPR 10.28 
Lactate threshold Cl 82.77 
Ventilatory threshold Cl 42.27 


Cl = cardiac index; TPR = total pulmonary resistances. 





these parameters (r = —0.73, —0.68, —0.44 and —0.43 
and r = —0.62, —0.65, —0.53 and —0.46, respectively). 
Ventilatory threshold also had a slight inverse correla- 
tion with maximal mean pulmonary pressure (r = 
—0.46). When multiple stepwise regression analysis was 
used, the cardiac index at maximal exercise resulted in 
the only independent parameter correlated with lactate 
and ventilatory thresholds (Table III). 


DISCUSSION 

The parameters most frequently assessed by cardio- 
pulmonary testing are peak VO» and ventilatory thresh- 
old. However, both the physiopathologic meaning and 
the detection of these parameters have been recently 
criticized.?5.14!7 In our study we evaluated the possibili- 
ty of detecting maximal VO», lactate and ventilatory 
thresholds in patients with chronic congestive heart fail- 
ure. To assess the clinical meaning of these parameters, 
we then correlated them with rest and exercise hemody- 
namic values of our study group. 

The lactate threshold was determined using serial 
measurements of mixed venous lactate. Similar to oth- 
ers,? we determined the lactate threshold as the point at 
which blood lactate started to increase more steeply 
during exercise. Such a point could be identified in all 
patients but because of the wide variation of the individ- 
ual values, we could not detect a constant blood lactate 
level corresponding to the lactate threshold. For the de- 
tection of the ventilatory threshold we relied on a meth- 
od!.6.7,13,18-21 that has been shown to yield more accu- 
rate and reproducible results than those obtained either 
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FIGURE 4. Univariate correlations between the oxygen consumption at the lactate and ventilatory thresholds and between these 
parameters and oxygen consumption at peak exercise (peak VO2). 
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by the evaluation of the respiratory quotient? or by a 
computer-assisted automatic analysis of the relation be- 
tween VO; and carbon dioxide production during exer- 
cise.!82223 A new method based on the computer analy- 
sis of the slope of the exponential relation between min- 
ute ventilation and VO; has been shown to be highly 
accurate in detection of lactate threshold.?^ Using visual 
evaluation of the exercise-induced changes in respira- 
tory parameters, we could detect the ventilatory thresh- 
old in 26 of 34 patients. In the other patients either an 
oscillatory pattern of the respiratory parameters or their 
gradual change throughout exercise without any sharp 
variation was noted. Both of these responses have also 
been described by others.??? Many studies have demon- 
strated the high reproducibility of the ventilatory 
threshold!-?5.5 and we were able to confirm its good 
correlation with lactate changes during exercise.?:!5-?! 
Moreover, both the ventilatory and lactate thresholds 
were tightly related to peak VO»; thus, all 3 parameters 
have the same functional meaning and can be used to 
evaluate the functional capacity of patients with heart 
failure. 

The relation between peak VO», lactate and ventila- 
tory thresholds and rest and exercise hemodynamics 
was determined by means of univariate and multivari- 
ate stepwise regression analysis. When univariate analy- 
sis was used, peak VO»; was significantly related only to 
total pulmonary resistance among the resting parame- 
ters. It was positively related to maximal exercise cardi- 
ac index, stroke work and stroke volume indexes and 
mean arterial pressure, and inversely related to systemic 
vascular and total pulmonary resistances at maximal 
exercise. Similar relations were also noted when both 
lactate and ventilatory thresholds were used; these last 2 
parameters were also weakly, but significantly, inversely 
related to resting pulmonary pressures. The lack of cor- 
relation between the resting hemodynamics and maxi- 
mal VO, has been pointed out by many.!:!0!4,26,27 
Among all the resting parameters only total pulmonary 
resistances were weakly related to maximal VO; in 1 
study.'* In our patients, total pulmonary resistance was 
significantly, although weakly, related to exercise ca- 
pacity. Peak VO», as well as lactate and ventilatory 
thresholds, was highly related to maximal exercise car- 
diac index and this was also the most significant inde- 
pendent variable selected by multivariate analysis. In- 
terestingly, exercise capacity was more closely related to 
maximal stroke volume index than to heart rate. Digi- 
talis therapy or different degrees of impairment of both 
the sympathetic drive?? and the responsiveness of the 
sinus node to adrenergic stimulation? might account 
for this finding. In contrast to maximal cardiac output, 
peripheral oxygen extraction was not related to peak 
VO), thus confirming that it is not a factor limiting the 
exercise capacity of patients with congestive heart fail- 
ure.^? In our study maximal oxygen extraction ranged 
from 58 to 89%; thus, some of our patients had values 
lower than in other study groups.'^?? Our data, how- 
ever, are similar to those found in other studies?’ and 
the presence of an increase of blood lactate and respira- 
tory quotient in all patients shows that the workload 
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was maximal and exercise was not limited by poor moti- 
vation in any patient. It might be that the increase in 
oxygen extraction obtained with bicycle exercise is less 
than that achieved using a treadmill.!3° 

In conclusion, peak VO; and lactate and ventilatory 
thresholds can be detected in most patients with chronic 
congestive heart failure. These parameters are highly 
correlated to each other and bear similar relations to the 
hemodynamic response to exercise. The cardiac index is 
the main central hemodynamic determinant of exercise 
capacity. 
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Decreased Coronary Vasodilatory Capacity 
in Hypertrophic Cardiomyopathy Determined 
by Split-Dose Thallium-Dipyridamole 
Myocardial Scintigraphy 


Yoshinori Koga, MD, Ryutaro Yamaguchi, MD, Masahiko Ogata, MD, Kazuo Kihara, MD, 
and Hironori Toshima, MD 


Split-dose thallium-dipyridamole myocardial 
scintigraphy was performed in patients with 
nonobstructive hypertrophic cardiomyopathy (HC) 
who had angiographically normal coronary arter- 
ies. The dipyridamole-induced increases in thalli- 
um-201 uptake, calculated to evaluate coronary 
vasodilatory capacity, were significantly lower in 
30 patients with HC than in 13 control subjects 
(177 + 58 vs 281 + 46%) and the reductions were 
observed in both the septal and lateral segments. 
The reductions of the septal segment in HC patients 
were significantly greater than those in 10 hyper- 
tensive patients with comparable degrees of septal 
hypertrophy. Of patients with HC, 16 had increases 
in thallium uptake well below the normal range. 
Compared with those having normal increases, 
these patients had significantly lower exercise du- 
ration (11 vs 15 minutes), with 33% having ST de- 
pression develop at a workload <80 watts. These 
data indicate that approximately one-half of pa- 
tients with HC have impaired coronary vasodilatory 
capacity that could be an important pathophysio- 
logic abnormality of HC resulting in the develop- 
ment of myocardial ischemia and the impairment of 
cardiac performance during exercise. 

(Am J Cardiol 1990;65:1134-1139) 
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tations frequently presented by patients with hy- 

pertrophic cardiomyopathy (HC), despite the 
appearance of normal coronary angiograms. Our previ- 
ous studies,’ as well as others,?-^ have shown that pac- 
ing stress could induce lactate production in these pa- 
tients. Myocardial thallium-201 scintigraphic studies> 
have shown that patients with HC developed reversible 
as well as fixed perfusion defects. These observations 
have clearly indicated that exercise or atrial pacing 
could induce myocardial ischemia in this condition. Pre- 
vious studies in coronary hemodynamics?-^ have shown 
that in patients with HC, the increase in coronary flow 
during atrial pacing is limited; these studies have pro- 
posed a reduced coronary vasodilatory reserve as a pos- 
sible mechanism for myocardial ischemia in this condi- 
tion. However, since atrial pacing or exercise cannot 
induce maximal dilatation of coronary vessels, the coro- 
nary vasodilatory reserve has not been precisely evaluat- 
ed in these previous studies. In addition, there remains 
the possibility, as suggested by Cannon et al^ that an 
elevation of left ventricular end-diastolic pressure, 
which results from pacing-induced myocardial ischemia, 
could in turn cause a decrease in coronary blood flow. 
This investigation was accordingly designed to study 
maximal coronary vasodilatory capacity in patients with 
HC using split-dose thallium-dipyridamole myocardial 
scintigraphy.9 


C pain and ischemic ST depression are manifes- 


METHODS 

Patient selection: Between February 1984 and July 
1985, a total of 45 patients fulfilled the diagnostic crite- 
ria of HC at our hospital based on 2-dimensional echo- 
cardiography, left ventriculography and coronary angi- 
ography. For this study, we excluded 6 patients with an 
intraventricular pressure gradient 220 mm Hg during 
basal conditions, in consideration of dipyridamole fur- 
ther increasing the outflow obstruction. We also exclud- 
ed 3 patients with apical hypertrophy presenting with a 
spade-shaped left ventricle, 2 patients with associated 
organic coronary artery stenosis and 4 patients who 
could not discontinue cardiac medications. The final 
study group consisted of 18 men and 12 women, rang- 
ing in age from 15 to 69 years (mean 39). Seven 
healthy men and 6 healthy women ranging in age from 
21 to 57 years (mean 41) volunteered to serve as the 
control group. For comparison, we examined 10 pa- 
tients, 8 men and 2 women, ranging in age from 42 to 
62 years (mean 52) who had systemic hypertension and 














symmetric left ventricular hypertrophy with a posterior 
wall thickness 215 mm. Neither control subjects nor 
patients with hypertension developed ST depression on 
the bicycle ergometer stress test, nor did they have re- 
versible or fixed defect on the thallium-201 myocardial 
scintigram. Coronary angiography was performed in 8 
of 10 hypertensive patients who had complained of 
chest pain; no abnormality was revealed in these 8 pa- 
tients. Informed consent was obtained from all of the 
study subjects. 

Split-dose thallium-201 myocardial scintigraphy: 
All medications, including 6 blockers and calcium-chan- 
nel blockers, were terminated at least 48 hours before 
the study (Figure 1). Subjects were kept in the same 
supine position throughout the procedure. The initial 
myocardial imaging began 10 minutes after intravenous 
injection of 2 mCi thallium-201 in the 30° left anterior 
oblique projection and was recorded for 10 minutes with 
a gamma camera (Shimazu Gamma V) interfaced to a 
data processing computer (Shimazu Scintipac 1200) 
and equipped with a high resolution slant hole collima- 
tor. A 30% energy window encompassing the x-ray 
emissions at a peak of 75 keV was selected. Data were 
collected in a 64 X 64 matrix-ward mode format. Im- 
mediately after the initial imaging, 0.50 mg/kg of dipy- 
ridamole was injected intravenously over 4 minutes. 
Four minutes after completion of the injection, an addi- 
tional 2 mCi of thallium-201 was injected intravenously. 
Ten minutes later, the second dipyridamole image was 
collected over 10 minutes in the same projection. A 12- 
lead electrocardiogram and cuff blood pressure were re- 
corded every minute throughout the procedure. Some 
patients complained of headache, chest discomfort or 
nausea after dipyridamole; none of these adverse effects 
was serious enough to require intravenous aminophyl- 
line. 

A subtraction image was generated by computer by 
subtracting the initial image from the second dipyrida- 
mole image. Background subtraction was performed by 
the method of Goris et al? under conditions identical to 
those for these images. An elliptical periphery common 
to the 2 images was drawn by the operator around the 
left ventricular activity of the images and divided into 
16 radial sectors, with each radius emanating from the 
center of gravity of the ellipse. After the 4 sectors 
around the mitral orifice were excluded, the left ventri- 
cle was divided into 5 sectors of the septal segment, 2 of 
the apical segment and 5 of the lateral segment. Myo- 
cardial thallium-201 uptakes in the initial and subtrac- 


FIGURE 1. Study protocol. After initial 


injected 4 minutes after dipyridamole and 0 
a second image was taken 10 minutes lat- 

er. Both imagings were performed in left | 
anterior oblique (30°) projection over 10 Tl 2mCi 





LL———————Ó 





TABLE I Baseline Profile 


Control Hypertension HC 


41416 

7/6 
62 +6 
86 +8 
1041 

941 
47+5 
38 +6 
Values are mean + standard deviation. 


* p «0.05, * p «0.001 vs control; t p «0.05, $ p «0.001 vs hypertension. 
HC = hypertrophic cardiomyopathy; HR = heart rate. 


aed: 7? 
8/2 
63 X 12 
111 +14 
18+ 33 
17+ 1+ 
45+6 
3947 


39 + 15! 
18/12 
62416 
87 + 145 
196: 
12 x 315 
43 + 5* 
37+10 


Age (yrs) 

Sex (M/F) 

HR (beats /min) 

Mean blood pressure (mm Hg) 
Septal thickness (mm) 
Posterior wall thickness (mm) 
End-diastolic diameter (mm) 
Fractional shortening (%) 


tion images were counted in each segment and total left 
ventricular thallium-201 uptakes were obtained as the 
sum of those of the 3 segments. Then, the percentage 
increase in dipyridamole-induced thallium-201 uptake 
was calculated for the entire left ventricle and for each 
segment separately, as an index of the coronary vasodi- 
latory capacity. 

The feasibility of using split-dose thallium-201 myo- 
cardial imaging was investigated in 5 additional healthy 
volunteers using the same protocol, without administer- 
ing dipyridamole. In these subjects, the ratio of the left 
ventricular thallium-201 uptake of the initial image to 
that of the subtraction image was 1.03 + 0.15 (standard 
deviation). The difference in the radioactivity of thalli- 
um-201 from before the initial images and from before 
the second images was 0.5 + 0.3%. 

Coronary angiography and exercise stress test: 
Three experienced observers reviewed selective coronary 
angiograms and assessed the degree of systolic narrow- 
ing of the left anterior descending artery as grade 3 
(>75% narrowing), grade 2 (from 50 to 75% narrow- 
ing) and grade 1 (<50% narrowing). The severity of the 
systolic compression of the septal perforating arteries 
was designated as grade 3 (systolic disappearance of the 
entire septal arteries), grade 2 (disappearance of the 
lower two-thirds) or grade 1 (disappearance of the low- 
er third only). 

The multistage, symptom-limited maximal stress 
test was performed in 27 patients with HC using an 
upright bicycle ergometer within 7 days before the 
study. Exercise began at a 20-watt load and was in- 
creased by 20 watts stepwise every 3 minutes. ST de- 
pression was considered significant only when the hori- 
zontal or downsloping depression showed an additional 
increase =0.1 mV, as compared to that at rest. 


Dipyridamole 
0.5mg/kg/4min 


prm 


pm—Àáq————rge—————dáÓ———áÓRÓá à 


20 30 50 min 


| iar. ER 
Tl 2mCi Second 
imaging 


Initial 
imaging 
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TABLE Il Dipyridamole-Induced Changes in Heart Rate, 


Mean Blood Pressure and Thallium-201 Uptake 


HR (beats/min) 
Mean BP (mm Hg) 
Thallium-201 uptake (%) 


Total LV 

Regional 
Septal 
Apical 
Lateral 


Control 


28+ 11 
=-14/ 


281 + 46 
see 7h 


291 +459 
248+ 51 


Hypertension 


17:3: 7* 
—] £6 


214+ 23* 
224 + 26! 


209 + 305 
207 + 26 


HC 


23411 
SDE 


177 + 58! 
170 + 56!* 


177 + 64! 
184 € 715 





Values are mean + standard deviation. 

* p «0.05, 5 p «0.01, t p «0.001 vs control; * p «0.05 vs hypertension. 

BP = blood pressure; HC = hypertrophic cardiomyopathy; HR = heart rate; LV = 
left ventricle. 


TABLE Ili Comparison of Clinical Variables in Patients with 
Hypertrophic Cardiomyopathy Having Normal and 
Abnormally Reduced Dipyridamole-Induced Increases in Left 
Ventricular Thallium-201 Uptake 


Dipyridamole- 
Induced Increases 
in Thallium Uptake 


Reduced Normal 


p Value 


Dipyridamole-induced changes in 
HR (beats / min) 
Mean blood pressure (mm Hg) 
Age (yrs) 
History of chest pain (96) 
Ventricular tachycardia (96) 
Septal thickness (mm) 
Posterior wall thickness (mm) 
End-diastolic diameter (mm) 
Fractional shortening (76) 
End-diastolic pressure (mm Hg) 
Systolic compression (grade 2 or 3) 
Left anterior descending artery (%) 
Septal perforator (96) 
Bicycle stress test 
Exercise duration (min) 
ST depression at maximal load (96) 
ST depression at <80 watts (%) 


Values are mean x standard deviation or percentage. 
HR = heart rate; NS = not significant. 


26+ 10 


Statistical analysis: The results are expressed as 
mean + standard deviation or as a percentage. Mea- 
surements between baseline and after administration of 
dipyridamole were compared using the paired / test. 
Analysis of variance was used for comparing HC and 
hypertensive and control groups. If the analysis showed 
a significant difference, the Scheffe's test was applied 
for the determination of the p value. When only the 2 
groups were compared, the unpaired : test or chi-square 
analysis was used. A value p <0.05 was statistically sig- 
nificant. Any p value <0.10 was also reported as they 
were taken to indicate trends toward significance. 


RESULTS 

Baseline heart rates did not differ among the 3 
groups, while mean blood pressures were significantly 
higher in patients with systemic hypertension (Table I). 
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The interventricular septum in patients with HC was 
significantly thicker than that in the control subjects, 
but did not differ from that in hypertensive patients. 
The thickness of the left ventricular posterior wall was 
greatest in hypertensive patients and was mildly in- 
creased in patients with HC. 

Dipyridamole-induced increases in heart rate were 
significantly smaller in patients with hypertension, while 
changes in mean blood pressure did not differ among 
the 3 groups (Table II). The mean dipyridamole-in- 
duced increase in thallium-201 uptake for the left ven- 
tricle was 281 + 46% in the control subjects. The in- 
creases were significantly lower in patients with HC 
(177 + 58%) and hypertensive patients (214 + 23%). In 
the analysis of segmental increases in thallium-201 up- 
take, the patients with HC showed significantly lower 
values for septal, apical and lateral segments, as com- 
pared with control subjects. Increases in the septal seg- 
ment in patients with HC were significantly lower than 
those in hypertensive patients. 

Dipyridamole-induced increases in thallium-201 up- 
take for the left ventricle were within the 95% confi- 
dence interval of that in the control subjects (181 to 
381%) in 14 of the 30 patients with HC and the in- 
creases in these 14 patients were regarded to be normal. 
In the remaining 16 patients, the increases in thallium- 
201 uptake were abnormally lower, below the confi- 
dence interval. Figure 2 shows patients with HC with 
normal and abnormally lower increases in thallium-201 
uptake after dipyridamole. Clinical features of the 2 
groups are listed in Table III. Dipyridamole-induced 
changes in heart rate and mean blood pressure did not 
differ between the 2 groups. The patients who showed 
abnormally lower increases in thallium-201 uptake 
tended to be associated more frequently with a history 
of chest pain, although often atypical for angina pecto- 
ris. There were no differences between the 2 groups in 
age, echocardiographic measurements of left ventricular 
wall thicknesses, diameters and fractional shortening, 
and left ventricular end-diastolic pressure. Coronary 
arteries and their subbranches were free of organic le- 
sions in all patients with HC. The grade 2 and 3 systolic 
compressions in the septal perforating arteries were 
more frequently noted in the abnormal increase group, 
while the frequency in the left anterior descending ar- 
tery was not different between the 2 groups. In the bicy- 
cle stress tests, exercise was terminated by the develop- 
ment of dyspnea in 9 patients and leg fatigue in 18. The 
exercise duration was significantly reduced in those pa- 
tients with abnormally lower thallium-201 uptake in- 
creases. All the patients who developed a significant ST 
depression at a mild workload <80 watts belonged to 
the abnormally lower increase group. 


DISCUSSION 

Split-dose thallium-201-dipyridamole myocardial 
scintigraphy: In this study, we performed split-dose 
thallium-201 myocardial scintigraphy’ to evaluate cor- 
onary vasodilatory capacity based on the following rea- 
sons. First, dipyridamole is a potent coronary arteriolar 
vasodilator? and intravenous infusion of 0.50 to 0.56 






















mg/kg of the drug over 4 minutes has been used to 
assess coronary flow reserve in patients with various 
heart diseases.!°-!4 Wilson, Cannon !! and their co- 
workers recently claimed that these doses of dipyrida- 
mole could not always achieve maximal coronary vaso- 
dilatation. Cannon et al,!! however, reported that coro- 
nary resistance changed little in most patients after a 
second dose of dipyridamole (0.25 mg/kg) was added to 
the initial dose of 0.50 mg/kg and suggested that 0.50 
mg/kg dipyridamole could induce near maximal coro- 
nary vasodilatation. Second, an increase in the myocar- 
dial thallium-201 uptake during dipyridamole adminis- 
tration has been shown to be closely correlated with an 
increase in myocardial flow.!9!7 However, during phar- 
macologic coronary vasodilatation that did not increase 
myocardial oxygen requirements, the myocardial ex- 
traction of thallium-201 has been shown to decrease, 
with the thallium-201 uptake being reported to underes- 
timate the net increase in the flow.$!6!* The mean in- 
crease in thallium-201 uptake after administration of 
dipyridamole in the control subjects was 281 + 46%, 
which was slightly lower than the dipyridamole-induced 
increases in coronary blood flow previously determined 
in humans (235 to 500%).!0!3-15.!9.20 The ratio of thalli- 
um-201 uptake of the subtraction image to that of the 
initial image determined by the same protocol but with- 
out using dipyridamole in the preliminary study ap- 
proached unity (1.03 + 0.15). Therefore, the method 
used in this study was considered to be appropriate in 
assessing the coronary vasodilatory capacity, although it 
may slightly underestimate the coronary reserve and 
does not yield absolute values of coronary flow or resis- 
tance. The advantages of this method are that it is non- 
invasively and safely applicable even to patients in an 
advanced stage of disease, and it is able to assess region- 


FIGURE 2. Computer printouts of initial 
and subtraction images from patients with 


duced thallium-201 uptake. In contrast, 
lower figures show initial image (C) with 
higher thallium-201 activity and subtrac- 
tion image (D) with lower thallium-201 ac- 
tivity in upper part of ventricular septum 
(indicated by arrows). This pattern is in- 
dicative of reduced dipyridamole-induced 
increases in thallium-201 uptake and con- 
sequently impaired coronary vasodilatory 
capacity in upper septum. Subtraction im- 
age (D) additionally presents a mosaic ap- 
pearance, suggesting that distribution of 


geneous. Note that images are generated 
by computer as representing normalized 
thallium-201 activity (relative thallium- 
201 activity vs highest value within region 
of interest) and accordingly do not repre- 
sent absolute thallium-201 activity. 


al coronary vasodilatory capacity, which may be partic- 
ularly useful in HC patients who have an uneven distri- 
bution in myocardial involvement. 

Impaired dipyridamole-induced increases in thalli- 
um-201 uptake in hypertrophic cardiomyopathy: Dipy- 
ridamole-induced decrease of mean blood pressure was 
not different among the 3 groups, while left ventricular 
end-diastolic pressure has been reported to remain un- 
changed after dipyridamole.!!.^29 The change in coro- 
nary driving pressure after dipyridamole could conse- 
quently be considered to be comparable among the 3 
groups. Therefore, we considered that dipyridamole-in- 
duced increases in myocardial thallium-201 uptake 
could allow us to reliably compare near maximal coro- 
nary vasodilatory capacity. Thus, the significant reduc- 
tion in the dipyridamole-induced increases in HC pa- 
tients clearly indicates that patients with HC have re- 
duced coronary vasodilatory capacity, which has been 
estimated in previous studies using pacing stress.” 4 

Although we did not attempt primarily to elucidate 
the mechanism for a reduced coronary vasodilatory ca- 
pacity in patients with HC, several inferences may be 
derived. Left ventricular hypertrophy per se has been 
described as a mechanism for reduced coronary re- 
serve, !2:!3,21-24 either due to inadequate capillary density 
relative to the increased muscle mass or to the greater 
basal coronary vasodilation needed to satisfy the higher 
oxygen requirements of the hypertrophied myocardium. 
In this study, we observed reduced dipyridamole-in- 
duced increases in thallium-201 uptake in patients with 
systemic hypertension as well as in those with HC, 
while increases in the septal segment were significantly 
lower in patients with HC despite a comparable degree 
of septal hypertrophy. There were no differences in the 
septal and posterior wall thicknesses between the HC 
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patients with abnormally lower increases and those with 
normal increases in thallium-201 uptake. An elevation 
of left ventricular end-diastolic pressure can play an im- 
portant role in impairing coronary perfusion during ex- 
ercise or pacing stress, as suggested by Cannon et al.4:24 
However, dipyridamole has been reported to induce no 
appreciable change in the pressure.!!.!420 In addition, 
dipyridamole-induced increases in thallium-201 uptake 
did not correlate with the end-diastolic pressure in pa- 
tients with HC in this study. A greater degree of systol- 
ic compression of the septal perforating arteries? was 
observed in the present HC patients with reduced dipy- 
ridamole-induced increases in thallium-201 uptake. 
However, this did not appear to be able to explain re- 
duced increases in the lateral segment. Furthermore, 
the effect of systolic compression on the coronary blood 
flow is unknown, since the majority of the flow occurs in 
diastole. Therefore, although left ventricular hypertro- 
phy, elevated left ventricular end-diastolic pressure and 
systolic compression of the septal perforating arteries 
are plausible contributing factors, they do not seem to 
be able to explain fully the reduced coronary vasodila- 
tory capacity in patients with HC. We must then con- 
sider an alternative mechanism of small vessel disease 
with diminished luminal area of intramural coronary 
arteries”®; this possibility could not be determined in this 
study since it was difficult to obtain endomyocardial bi- 
opsy specimens that included small coronary arteries. 
Although much remains to be clarified, this study indi- 
cates that patients with HC have intrinsic abnormalities 
in the coronary vasculature that impair the coronary va- 
sodilatory capacity and induce myocardial ischemia. In 
support of this speculation, Cannon et al?4 described a 
reduction in peak coronary flow capacity achieved by 
the pacing stress in HC patients without outflow ob- 
struction, suggesting an intrinsic impairment of coro- 
nary circulation. 

Clinical implications: Although impaired coronary 
vasodilatory capacity observed in this study does not 
represent myocardial ischemia, a history of chest pain 
tended to occur more frequently in HC patients with 
the abnormally lower increases in thallium-201 uptake. 
In bicycle exercise stress tests, patients with abnormally 
lower increases had lower exercise duration as com- 
pared with those having normal increases. All patients 
who developed ST depression at a mild workload <80 
watts showed abnormally lower increases. Although 
clinical significance of exercise-induced ST depression 
in patients with HC has not been determined, we have 
previously observed that HC patients who manifested 
the ST depression or arrhythmias during exercise fre- 
quently developed either abnormal myocardial lactate 
metabolism during atrial pacing! or left ventricular dys- 
function during exercise.?/ These observations suggested 
that a reduced coronary vasodilatory capacity in this 
condition could induce myocardial ischemia and could 
manifest chest pain, ST depression and left ventricular 
dysfunction during exercise. Furthermore, several case 
reports?*?? have described patients with HC who docu- 
mented rapid atrial fibrillation or sinus tachycardia as- 
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sociated with marked ST depression, indicative of myo- 
cardial ischemia, before degenerating into ventricular fi- 
brillation. We also noted that patients who developed 
ST depression or arrhythmias in the exercise stress test 
had an increased risk of sudden death.? We might, 
therefore, infer that a reduction in coronary vasodila- 
tory capacity in patients with HC could induce myocar- 
dial ischemia during exercise, leading to left ventricular 
dysfunction with or without life-threatening arrhyth- 
mias. Hence, reduced coronary vasodilatory capacity 
could be an important pathophysiologic abnormality 
that may modify clinical manifestations and prognosis 
in HC. 
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MISCELLANEOUS 


Echocardiographic Assessment of the Left 
Ventricle of Endurance Athletes Just Before 
and After Exercise 


Robert F. Percy, MD, Donald A. Conetta, MD, and Alan B. Miller, MD 


Fourteen normal subjects and 10 marathon runners 


were studied using postexercise echocardiography 
to assess left ventricular (LV) wall thickness, after- 
load and systolic performance. Cuff systolic blood 
pressures and M-mode echocardiographic record- 
ings were obtained in the supine position before 
and within 2 minutes of termination of maximal 
treadmill exercise. Both groups had increased LV 
dimensional shortening (% fractional shortening) 
and stroke volume after exercise, although runners 
had larger increases compared to untrained normal 
subjects (p <0.05). Preload, as estimated by LV 
end-diastolic dimension, was greater in runners 
compared to normal subjects at rest (52 vs 48 mm, 
p <0.05). However, preload did not change after 
exercise in either group. Afterload, estimated by 
LV end-systolic wall stress, decreased after exer- 
cise in both groups; however, runners had lower af- 
terload at rest and immediately after exercise com- 
pared to normal subjects (p <0.05). The runners’ 
greater LV end-systolic wall thickness appears to 
account for their lower afterload. Data indicate that 
marathon runners have lower afterload at rest and 
greater decrease in afterload after maximal exer- 
cise, compared to untrained normal subjects. 

(Am J Cardiol 1990;65:1140-1144) 
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of the endurance athlete’s heart are left ventricular 

(LV) chamber enlargement and LV wall thick- 
ening.! Previous exercise studies have documented the 
contribution of LV enlargement (preload or Frank- 
Starling effect) to the enhanced hemodynamic response 
to exercise by the endurance athlete.^? However, there 
is a lack of clinical data and expressed concern regard- 
ing increased LV wall thickness in endurance athletes.* 
LV wall thickness is a determinant of afterload and the 
inverse relation between afterload and LV systolic per- 
formance suggests that the endurance athlete's in- 
creased LV wall thickness may contribute to lower af- 
terload and enhanced LV systolic performance.? Using 
postmaximal exercise echocardiography, we assessed 
LV wall thickness, afterload and systolic performance in 
untrained normal subjects and a group of marathon 
runners. 


T 2 most characteristic structural adaptations 


METHODS 

Study population: The study group consisted of 10 
marathon runners (9 men, 1 woman, mean age 38 
years, range 27 to 48) who ran an average of 60 miles/ 
week for a mean of 6.5 years. The control group was 
made up of 14 volunteers (9 men, 5 women, mean age 
32 years, range 26 to 51) who had no clinical evidence 
of cardiovascular disease and who were not engaged in 
endurance training. 

After giving informed consent, subjects were studied 
(in the postabsorptive state) in the noninvasive laborato- 
ry of University Hospital of Jacksonville. Using a 
phased array ultrasonograph (Irex System III), 2-di- 
mensional derived M-mode echocardiograms were re- 
corded with the subject in the left lateral decubitus posi- 
tion from the left parasternal area. The ultrasound 
beam (M-mode line) was oriented across the LV minor 
axis just inferior to the mitral valve leaflets. The exact 
position of the best window was marked on the chest in 
ink with a felt marker. Simultaneous cuff systolic blood 
pressure and M-mode tracings were recorded at rest. 
Graded treadmill exercise testing was performed ac- 
cording to the standard Bruce protocol.? Three electro- 
cardiograph leads (II, aVF, V.) were monitored contin- 
uously as the subjects were exercised to exhaustion. Im- 
mediately after exercise, the subjects were placed in the 
left lateral decubitus position and simultaneous cuff sys- 
tolic blood pressure and M-mode tracings were repeated 
within 2 minutes of exercise termination. Echocardio- 
graphic tracings were obtained at the end of expiration 
and printed on a stripchart recorder at a paper speed of 
50 mm/s. 
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Echocardiographic measurements: M-mode LV mi- 
nor axis tracings from each subject, at rest and within 2 
minutes of exercise termination, were analyzed. All 
echocardiograph parameters represent an average of 
measurements from 3 cardiac cycles of similar length. 
LV minor axis diameter was measured as the distance 
between the trailing edge of the left side of the ventricu- 
lar septum and the leading edge of the endocardial bor- 
der of the left posterior wall. LV end-diastolic dimen- 
sion was measured at the peak of the R wave on the 
electrocardiogram. The minimal LV dimension defined 
the LV end-systolic dimension. LV posterior wall thick- 
ness was measured from the leading edge of the epicar- 
dial border to the leading edge of the endocardial bor- 
der. For LV mass calculations, LV posterior wall and 
septal thickness measurements were made according to 
the Penn convention.’ 

Data reduction: LV volumes were calculated accord- 
ing to the following formula of Teichholz et al*: volume 
= (7.0/2.4 + internal dimension) X (internal dimen- 
sion?), where internal dimension was measured echocar- 
diographically. LV stroke volume was calculated as LV 
end-diastolic volume minus LV end-systolic volume. LV 
dimensional shortening, as estimated by percent frac- 
tional shortening, was calculated according to the fol- 
lowing formula: fractional shortening = (LV end-dia- 
stolic dimension — LV dimensional shortening) X 100. 
LV end-systolic meridional wall stress was estimated by 
the following method of Grossman et al’: LV end-sys- 
tolic wall stress (g/cm?) = systolic pressure X LV end- 
systolic dimension X 1.35/4 X end-systolic posterior 
wall thickness (1 + end-systolic posterior wall thick- 
ness/LV end-systolic dimension). LV mass was estimat- 
ed by the method of Devereux and Reichek’: LV mass 
(g) = 1.04 ([LV end-diastolic dimension + septal wall 
thickness + end-systolic posterior wall thickness]? — 
[LV end-diastolic dimension]? — 14 g). 

Statistical analysis: Mean values (+ standard devi- 
ation) for body surface area, exercise and echocardio- 
graphic data were calculated for control subjects and 
runners. A comparison between control subjects’ and 
runners’ data was made by unpaired Student’s ¢ test. A 
p value <0.05 was considered statistically significant. 


FIGURE 1. Preload, estimated by left ven- 
tricular end-diastolic dimension (LVIDd), 
at rest and immediately after exercise in 
control subjects and runners. 
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TABLE I Comparative Data for Control Subjects and 
Runners 





Runners 
(n = 10) 


Control Subjects 
(n = 14) 









METs 
















With exercise 1343 20 + 3* 
HR (beats /min) 

at rest 64+ 10 54 + 5* 
Systolic pressure (mm Hg) 

at rest 116+8 118+4 
LV mass index (g/cm?) 70+ 16 115+ 20* 
LV posterior wall (mm) 8+1 9.7+1* 
LV stroke volume (ml) 

At rest 782415 90 + 11* 

After exercise 88 + 23 111412* 
HR = heart rate; LV = left ventricular. 

RESULTS 


Comparative data for runners and control subjects 
are listed in Table I. Although they both had similar 
body surface areas (1.75 + 0.19 m? vs 1.76 + 0.14 m?; 
difference not significant), the runners’ trained state 
was reflected by their greater maximal workload 
(METs), lower resting heart rate and longer treadmill 
test time (18.5 vs 12.5 minutes, p < 0.05), compared to 
control subjects. Runners had significantly larger LV 
mass index (115 + 20 vs 70 + 16 g/m’, p <0.05) and 
greater LV end-diastolic wall thickness (9.7 + 1 vs 8 
1 mm, p <0.05). Both runners and control subjects in- 
creased their stroke volume with exercise. However, 
runners' increased stroke volume from rest to immedi- 
ately after exercise was significantly greater than that 
of control subjects (21 + 9 vs 10 + 15 ml, p «0.05). 

At rest, preload, as estimated by LV end-diastolic 
dimension, was slightly greater in runners compared to 
control subjects (51.6 + 2 vs 48.5 + 4.1 mm, p «0.05, 
Figure 1). However, neither group had increased LV 
end-diastolic dimension immediately after exercise 
(50.9 + 2.3 and 46.9 + 4.9 mm). LV end-systolic di- 
mension decreased in runners and control subjects from 
rest to after exercise (31.5 + 1.5 to 19.7 + 1.7 mm and 
29 + 3.5 to 21 + 2.6 mm) and LV dimensional shorten- 


Post Exercise 
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ing was greater after exercise in runners (61 + 3 vs 55 
+ 4%, p <0.05, Figure 2). Afterload, estimat- 
ed by LV end-systolic meridional wall stress, decreased 
in both groups from rest to immediate postexercise 
(Figure 3). However, runners had significantly lower 
resting and postexercise afterload compared to control 
subjects (47.1 + 9 and 26.6 + 6.6 g/cm? vs 58.7 + 16.4 
g/cm? and 35.6 + 9.3 g/cm’, p «0.05, Figure 3). Also, 
the runners’ LV end-systolic wall thickness at rest and 
after exercise was greater than that of control subjects 
(17 + 1.8 to 22 + 2.6 vs 13.5 + 1.6 to 17.7 + 1.9 mm, p 
<0.05). 


DISCUSSION 
Comparison of cardiac structure between marathon 
runners and untrained normal subjects in our study 


*- p<0.05 
B Control 
Runners 







LV ESWS 
(gm/cm?) 


B Control 
EJ Runners 


THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


^ 





Post Exercise 





showed significantly increased LV mass index, LV end- 
diastolic dimension and LV wall thickness in runners. 
These findings are in accordance with several recent re- 
views on the cardiac effect of chronic exercise train- 
ing.!011,1,12 Maron et al,! in a review of 71,000 athletes, 
showed average increases of 46% in LV mass, 10% in 
LV diastolic dimension and 15 to 20% in LV wall thick- 
ness in athletes compared to control subjects. Colan et 
al reported echocardiographically derived cardiac 
dimensions nearly identical to our data in a group of 
comparably trained runners. 

Rerych et al? using upright exercise radionuclide 
angiography, and Crawford et al,? using upright exer- 
cise echocardiography, showed increased LV end-dia- 
stolic volume with exercise in untrained normal subjects 
and endurance athletes, suggesting a preload effect as 
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FIGURE 2. Left ventricular dimensional 


FIGURE 3. Afterload, estimated by left 
ventricular end-systolic wall stress (LV 
ESWS), at rest and immediately after ex- 
ercise in control subjects and runners. 











the major determinant of increased stroke volume dur- 
ing exercise. In a study using exercise echocardiography 
of untrained normal subjects undergoing bicycle ergom- 
etry (semisupine position), Weiss et al!^ showed an in- 
creased preload and increased LV dimensional shorten- 
ing without decreased LV end-systolic dimension at 
peak exercise, again implicating the preload or Frank- 
Starling effect as a mechanism for increased LV systolic 
performance with exercise. In our study marathon run- 
ners had significantly larger LV end-diastolic dimension 
at rest compared to untrained normal subjects, although 
neither runners nor untrained normal subjects showed 
an increased LV end-diastolic dimension immediately 
after upright maximal exercise. These data are consis- 
tent with other studies using peak or immediate postex- 
ercise echocardiographic imaging in the supine posi- 
tion,!?!6 which have shown no change in LV end-dia- 
stolic dimension with exercise. Although in our study, 
the marathon runners' increased LV end-diastolic di- 
mension may have contributed to their greater stroke 
volume at rest compared to untrained normal subjects, 
the absence of an increased LV end-diastolic dimension 
as measured in the immediate postexercise period sug- 
gests a mechanism in addition to the Frank-Starling ef- 
fect for the observed increased stroke volume in both 
groups from pre- to postexercise. 

An additional explanation for the mechanism of the 
postexercise increase in stroke volume is an afterload 
effect on LV dimensional shortening. Afterload, as esti- 
mated by LV end-systolic wall stress, is the force oppos- 
ing LV systolic dimensional shortening. Afterload is a 
major determinant of LV function and varies inversely 
with LV systolic dimensional shortening.!" Andersen et 
al? have studied the effect of afterload on the increased 
LV dimensional shortening with exercise in untrained 
normal subjects and have shown that decreasing after- 
load at rest with an oral vasodilator increased LV di- 
mensional shortening with exercise. Heng et al! recent- 
ly reported a decrease in systolic wall stress during up- 
right bicycle ergometry in normal subjects. In 
accordance with this data, our study showed that both 
endurance athletes and untrained normal subjects de- 
creased their afterload from rest to postexercise. There- 
fore, as estimated preload (LV end-diastolic dimension) 
did not change from rest to immediately postexercise in 
both groups, the decreases of afterload may be a mech- 
anism for the observed increases in LV dimensional 
shortening and stroke volume. Also, we observed that 
runners had lower afterload at rest and immediately af- 
ter exercise compared to untrained normal subjects 
(Figure 3). Comparison of the percent increase in LV 
systolic performance (stroke volume) and percent de- 
crease in afterload in runners and control subjects shows 
that the runners had a 1096 greater increase in stroke 
volume after exercise and a concomitant 5% greater de- 
crease in afterload compared with control subjects. 
These data suggest that a primary decrease in afterload 
is a major determinant of the runners' improved LV 
systolic performance. 

Exercise echocardiography provides a clinically ap- 
plicable, noninvasive technique for assessing LV func- 








tional response to exercise in subjects without regional 
wall motion abnormalities.!? The high sampling rate of 
1,000/s of M-mode imaging is critical for accurately 
measuring LV dimensions and wall thickness at high 
pulse rates.?? There are few reports of cardiac imaging 
in the recovery period after exercise and furthermore, 
the well-documented effect of posture on the changes of 
LV volume with exercise makes comparison of these 
data difficult. In a study of untrained normal subjects 
using supine M-mode echocardiography and supine bi- 
cycle exercise, Stein et al!? reported increased LV end- 
diastolic dimensions and increased fractional shortening 
in the immediate recovery period compared to peak ex- 
ercise. Plotnick et al?! showed decreased LV end-dia- 
stolic volumes in the recovery period compared to peak 
exercise in a study of normal subjects who underwent 
upright exercise and upright radionuclide imaging. In 
our study excessive chest wall movement and lung arti- 
fact prevented the acquisition of technically adequate, 
targeted M-mode images during peak treadmill exer- 
cise. Our finding of no change in postexercise LV end- 
diastolic dimension may have been related to a redistri- 
bution of blood volume from upright exercise to supine 
echocardiographic imaging. Although assessment of LV 
function in the supine position immediately after tread- 
miil exercise does not reflect conditions at peak tread- 
mill exercise in the upright posture, immediate postex- 
ercise echocardiography in the supine position has been 
shown to be capable of assessing the effects of maximal 
treadmill exercise on cardiac mechanics. 52? 

The noninvasive assessment of afterload (estimated 
by LV systolic wall stress) using cuff systolic blood pres- 
sure and echocardiographic images has been reported at 
rest and with exercise. Wall stress varies throughout 
the cardiac cycle, but it is the end-systolic wall stress 
that limits LV ejection and therefore only decrease of 
end-systolic wall stress can result in greater LV systolic 
emptying.^^ As our noninvasive technique prevented si- 
multaneous measurement of cuff systolic blood pressure 
and LV end-systolic pressure immediately after exer- 
cise, an explanation for the runners' lower afterload oth- 
er than their increased relative LV wall thickness might 
have been a more rapid normalization of their systolic 
blood pressure in the recovery period compared to the 
untrained normal subjects, as a result of their well con- 
ditioned state. However, the runners' cuff systolic blood 
pressure immediately after exercise was significantly 
greater than that of the untrained normal subjects (180 
vs 162 mm Hg, p «0.05). This observation serves to 
point out that rather than lower LV chamber pressure 
or chamber dimension, the runners' greater LV end-sys- 
tolic wall thickness is the major determinant of their 
lower afterload. 

Although increased heart rate and sympathetic stim- 
ulation exert an increased inotropic effect on myocardi- 
al fiber shortening during exercise, the relative contri- 
bution of contractility to increased LV systolic per- 
formance in endurance athletes has not been clearly de- 
fined. Previous studies using ejection phase indexes of 
LV function have shown increases? or decreases?6 with 
exercise in endurance athletes. Presently, no clinically 
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applicable index of myocardial contractility is available 
that has been proven to be independent of variations in 
loading conditions over a wide range in human sub- 
jects.2’ In our study the more rapid normalization of the 
runners’ pulse by the recovery imaging period (104 vs 
124 beats/min, p <0.05) makes less probable a signifi- 
cant contribution of increased contractility to the run- 
ners’ greater percent decrease in afterload after exercise 
compared to control subjects. 


Acknowledgment: We thank Lurine Seabrooks, 
Donna Scott and Duane Alsobrook for technical assis- 
tance and Bobbi Pickett and Donna Singleton for man- 
uscript preparation. 


REFERENCES 

1. Maron BJ. Structural features of the athlete heart as defined by echocardiogra- 
phy. JACC 1986,7:190-203. 

2. Crawford MH, Petru MA, Rabinowitz C. Effect of isotonic exercise training 
on left ventricular volume during upright exercise. Circulation 1985;72:1237- 
1243. 

3. Rerych SK, Scholz PM, Sabiston DC, Jones RH. Effects of exercise training on 
left ventricular function in normal subjects: a longitudinal study by radionuclide 
angiography. Am J Cardiol 1980;45:244-252. 

4. Schaible TF, Scheuer J. Cardiac adaptations to chronic exercise. Prog Cardio- 
vasc Dis 1985;27:297-324. 

5. Andersen K, Vik-Mo H. Increased left ventricular emptying at maximal 
exercise after reduction in afterload. Circulation 1984,;69:492—496. 

6. Bruce RA, Kusumi F, Hosmer D. Maximal oxygen intake and nomographic 
assessment of functional aerobic impairment in cardiovascular disease. Am Heart 
J 1973;85:546-550. 

7. Devereux RB, Reichek N. Echocardiographic determination of left ventricular 
mass in man. Circulation 1977;55:613-618. 

8. Teichholz LE, Kreulen T, Herman MV, Gorlin R. Problems in echocardio- 
graphic angiographic correlations in the presence or absence of asynergy. Am J 
Cardiol 1976;37:7-11. 

9. Grossman W, Jones D, McLaurin LP. Wall stress and patterns of hypertrophy 
in the human left ventricle. J Clin Invest 1975;56:56-63. 

10. Huston TP, Puffer JC, Rodney WM. The athletic heart syndrome. N Engl J 
Med 1985;13:24-31. 


THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 





11. Ikaheimo MJ, Palatsi IJ, Takkunen JT. Noninvasive evaluation of the athlet- 
ic heart. Am J Cardiol 1979;44:24-30. 

12. Oakley D. Cardiac hypertrophy in athletes. Br Heart J 1984;52:121-123. 
13. Colan SD, Sanders SP, MacPherson D, Borow KM. Physiologic hypertrophy: 
effects of left ventricular systolic mechanics in athletes. JACC 1985;6:545-549. 
14. Weiss JL, Weisfeldt ML, Mason SJ, Garrison JB, Livengood SV, Fortuin 
NJ. Evidence of Frank-Starling effect in man during severe semisupine exercise. 
Circulation 1979;59:655-661. 

15. Berberich SN, Zager JRS, Plotnick GD, Fisher ML. A practical approach to 
exercise echocardiography: immediate post exercise echocardiography. JACC 
1984;3:284-290. 

16. Martin WH, Coyle EF, Bloomfield SA, Ehsani AA. Effects of physical 
deconditioning after intense endurance training on left ventricular dimensions and 
stroke volume. JACC 1986,7:982-989. 

17. McKay RG, Aroesty JM, Heller GV, Royal H, Parker JA, Silverman KJ, 
Kolodny GM, Grossman W. Left ventricular pressure-volume diagrams and end 
systolic pressure-volume relations in human beings. JACC 1984;3:301-312. 
18. Heng MK, Bai JX, Marin J. Changes in left ventricular wall stress during 
isometric and isotonic exercise in healthy men. Am J Cardiol 1988;62:794-798. 
19. Stein RA, Michielli D, Diamond J, Horwitz B, Krasnow N. The cardiac 
response to exercise training: echocardiographic analysis at rest and during exer- 
cise. Am J Cardiol 1980;46:219-225. 

20. Colan SD, Borow KM, Neumann A. Effects of loading conditions and 
contractile state (methoxamine and dobutamine) on left ventricular early diastolic 
function in normal subjects. Am J Cardiol 1985;55:790-796. 

21. Plotnick GD, Becker LC, Fisher ML. Changes in left ventricular function 
during recovery from upright bicycle exercise in normal persons and patients with 
coronary artery disease. Am J Cardiol 1986;58:247-251. 

22. Rowland TW. Post-exercise echocardiography in pre-pubertal boys. Med Sci 
Sports Exerc 1987;19:393-397. 

23. Balady GJ, Schick EC Jr, Weiner DA, Ryan TJ. Comparison of determinants 
of myocardial oxygen consumption during arm and leg exercise in normal persons. 
Am J Cardiol 1986;57:1385-1387. 

24. Reichek N, Wilson J, St John Sutton M, Plappert TA, Goldberg S, Hiesheld 
JW. Noninvasive determination of left ventricular end systolic stress: validation of 
the method and initial application. Circulation 1982;65:99-108. 

25. Anholm JD, Foster C, Carpenter J, Pollock ML, Hellman CK, Schmidt DH. 
Effect of habitual exercise on left ventricular response to exercise. J App! Physiol 
1982;52:1648-1651. 

26. Sugishita Y, Joseki S, Matsuda M, Yamaguchi T, Ito I. Myocardial mechan- 
ics of athletic hearts in comparison with diseased hearts. 4m Heart J 1983; 
105:273-280. 

27. Glower DD, Spratt JA, Snow ND, Kabas JS, Davis JW, Olsen CO, Tyson 
GS, Sabiston DC, Rankin JS. Linearity of the Frank-Starling relationship in the 
intact heart: the concept of preload recruitable stroke work. Circulation 1985; 
71:994-1009. 





Irarisderm-Nitro 
nitroglycerin 
0.1 mg/hr, 0.2 mg/hr, 0.4 mg/hr, 0.6 mg/hr* 

t fm ug» 


p Helps an gina 
-patients get more. 
out of life 


Significantly reduces both: the "m 
frequency of anginal attacks andthe’ 
need for sublingual nitroglycerin: QNT 


Prefened-by patients ever. 7 to 1 for 
convenience compared to: their. 
previous long-acting oral nitrate; only 
MI e, had no preference (n= 4 300)". 


Ed 
at , ay Í ~ d : s 


All transdermal nitroglycerin os are ‘being aseo aod 
final evaluation of effectiven&ss:by the FDA. Please consult’, 3 1 aSa 
. brief sümmary of Preseribing PE UA the fallaying gigs. E x r3 S AR 


"d 


* Formerly geslonsleg as 2. ingles hr £ gu nial mA; 24 eas 
15 smg £4 4hr à 


* Summit Pharmaceuticals | OO GANS 
Division of CIBA-GEIGY. Coppbration LS «61989: Summit 629 87099 .— 


e p Z 


“Goa ^ CUR! Eh ee Ec SE. es ere a ae ~~ E a a cix t en et pua um E ON 





Dv 


AN 
7 1 z$ i ! 


oT 


————— A Y um Eg" ^ 
th Aa [TX 2 p om 
7: Xe Certa vett 2 


- 


e. EET 4 


, AT n 7 
, ‘ 


PME ium 


aE CENT 


JU tae 
* . 


be 


—— 


TN 
«t 


VU ETE Ihe SEU D 


See SE pe Med E 


-Pi 
A 


EIF 


SEPRE N F 


a 


AGRA a Re ee 
oe gi "2 s — 


ae 





eoe OR 
hv 


= qe - 


————— ee 
í & . 


^ 


* 


Fu. 


m 


CRI "I CINE I —— E E E — — ES T 


Cou TI. A i 

Ps D y LIA Ay m $7. F d d - 
«P wr. an $ T tut b Lee NN "6 EE, Y 1] e ty í T 
E ; A í "dt^ è as 


 Transderm-Nitro? 
ni n 


.. Transdermal Therapeutic System 


| Revised Dosage Information 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
. INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
This drug product has been conditionally approved by the FDA 
for the prevention of angina pectoris due to coronary artery 
disease. Tolerance to the antianginal effects of nitrates 
(measured by exercise stress testing) has been shown to be a 
major factor limiting efficacy when transdermal nitrates are 
used continuously for longer than 12 hours each day. The 
development of tolerance can be altered (prevented or 
attenuated) by use of a noncontinuous (intermittent) dosing 
schedule with a nitrate-free interval of 10-12 hours. 
Controlled clinical trial data suggest that the intermittent 
use of nitrates is associated with decreased exercise 
tolerance, in comparison to placebo, during the last part of 
the nitrate-free interval; the clinical relevance of this observa- 
tion is unknown, but the possibility of increased frequency or 
severity of angina during the nitrate-free interval should be 
considered. Further investigations of the tolerance phenome- 
non and best regimen are ongoing. A final evaluation of the 
effectiveness of the product will be announced by the FDA. 


... CONTRAINDICATIONS 


Allergic reactions to organic nitrates are extremely rare, but they do 
occur. Nitroglycerin is contraindicated in patients who are allergic 
to it. Allergy to the adhesives used in nitroglycerin patches has also 
been reported, and it similarly constitutes a contraindication to the 
use of this product. 


. WARNINGS 

.. The benefits of transdermal nitroglycerin in patients with acute 
myocardial infarction or congestive heart failure have not been 
established. If one elects to use nitroglycerin in these conditions, 

. careful clinical or hemodynamic monitoring must be used to avoid 

. the hazards of hypotension and tachycardia. 

A cardioverter/defibrillator should not be discharged through a 
pow electrode that overlies a Transderm-Nitro patch. The arcing 
hat may be seen in this situation is harmless in itself, but it may be 

associated with local current concentration that can cause damage 
to the paddles and burns to the patient. 


PRECAUTIONS 

General 

Severe hypotension, particularly with upright posture, may occur 
with even small doses of nitroglycerin. This drug should therefore 
be used with caution in patients who may be volume depleted or 


- who, for whatever reason, are already hypotensive. Hypotension 


induced by nitroglycerin may be accompanied by paradoxical 
bradycardia and increased angina pectoris. 

Nitrate therapy may aggravate the angina caused by hypertrophic 
cardiomyopathy. 

As tolerance to other forms of nitroglycerin develops, the effect 


of sublingual nitroglycerin on exercise tolerance, although still 


observable, is somewhat blunted. 

In industrial workers who have had long-term exposure to 
unknown (presumably high) doses of organic nitrates, tolerance 
clearly occurs. Chest pain, acute myocardial infarction, and even 
sudden death have occurred during temporary withdrawal of 
nitrates from these workers, demonstrating the existence of true 


_ physical dependence. 


Several clinical trials in patients with angina pectoris have 
evaluated nitroglycerin regimens which incorporated a 10-12 hour 
nitrate-free interval. In some of these trials, an increase in the 
frequency of anginal attacks during the nitrate-free interval was 
observed in a small number of patients. In one trial, patients 
demonstrated decreased exercise tolerance at the end of the 

-nitrate-free interval. Hemodynamic rebound has been observed 
only rarely; on the other hand, few studies were so designed that 
rebound, if it had occurred, would have been detected. The 
importance of these observations to the routine, clinical use of 
transdermal nitroglycerin is unknown. 


. Information for Patients 


Daily headaches sometimes accompany treatment with nitroglyc- 

erin. In patients who get these headaches, the headaches may be a 
_ marker of the activity of the drug. Patients should resist the 

temptation to avoid headaches by altering the schedule of their 


- treatment with nitroglycerin, since loss of headache may be 


associated with simultaneous loss of antianginal ey. 

Treatment with nitroglycerin may be associated with lightheaded- 
ness on standing, especially just after rising from a recumbent or 
seated position. This effect may be more frequent in patients who 
have also consumed alcohol. 


e The only patch with 
an easy-open tab 


Easy to apply — 
Easy to remove 


Available in four 
convenient strengths 


Patches shown are not 
actual size. 





After normal use, there is enough residual nitroglycerin in 
discarded patches that they are a potential hazard to children and 
pets. 

A patient leaflet is supplied with the systems. 

Drug Interactions 

The vasodilating effects of nitroglycerin may be additive with those 
of other vasodilators. Alcohol, in particular, has been found to 
exhibit additive effects of this variety. 

Marked symptomatic orthostatic hypotension has been reported 
when calcium channel blockers and organic nitrates were used in 
combination. Dose adjustments of either class of agents may be 
necessary. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term animal studies have examined the carcinogenic or 
mutagenic potential of nitroglycerin. Nitroglycerin's effect upon 
reproductive capacity is similarly unknown. 

Pregnancy Category C 

Animal reproduction studies have not been conducted with 
nitroglycerin. It is also not known whether nitroglycerin can cause 
fetal harm when administered to a pregnant woman or whether it 
can affect reproductive capacity. Nitroglycerin should be given to a 
pregnant woman only if clearly needed. 

Nursing Mothers 

It is not Known whether nitroglycerin is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when nitroglycerin is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions to nitroglycerin are generally dose-related, and 
almost all of these reactions are the result of nitroglycerin’s activity 
as a vasodilator. Headache, which may be severe, is the most 
commonly reported side effect. Headache may be recurrent with 
each daily dose, especially at higher doses. Transient episodes of 
lightheadedness, occasionally related to blood pressure changes, 
may also occur. Hypotension occurs infrequently, but in some 
patients it may be severe enough to warrant discontinuation of 
therapy. Syncope, crescendo angina, and rebound hypertension 
have been reported but are uncommon. 

Extremely rarely, ordinary doses of organic nitrates have caused 
methemoglobinemia in normal-seeming patients. Methemoglobin- 
emia is so infrequent at these doses that further discussion of its 
diagnosis and treatment is deferred (see Overdosage). 


Application-site irritation may occur but is rare severe. 

In two placebo-controlled trials of intermittent therapy with 
nitroglycerin patches at 0.2 to 0.8 mg/hr, the most frequent 
adverse reactions among 307 subjects were as follows: 


Placebo Patch 
Headache 18% 63% 
Lightheadedness 4% 6% 
Hypotension, and/or syncope 0% 4% 
Increased angina 2% 2% 


OVERDOSAGE 

Hemodynamic Effects 

The ill effects of nitroglycerin overdose are generally the result of 
nitroglycerin's capacity to induce vasodilatation, venous pooling, 
reduced cardiac output, and hypotension. These hemodynamic 
changes may have protean manifestations, including increased 
intracranial pressure, with any or all of persistent throbbing 
headache, confusion, and moderate fever; vertigo; palpitations; 
visual disturbances; nausea and vomiting (possibly with colic and 
even bloody diarrhea); syncope (especially in the upright posture); 
air hunger and dyspnea, later followed by reduced ventilatory effort; 
diaphoresis, with the skin either flushed or cold and clammy; heart 
block and bradycardia; paralysis; coma; seizures; and death. 

Laboratory determinations of serum levels of nitroglycerin and 
its metabolites are not widely available, and such determinations 
have, in any event, no established role in the management of 
nitroglycerin overdose. 

No data are available to suggest physiological maneuvers (e.g. 
maneuvers to change the pH of the urine) that might accelerate 
elimination of nitroglycerin and its active metabolites. Similarly, it is 
not known which, if any, of these substances can usefully be 
removed from the body by hemodialysis. 

No specific antagonist to the vasodilator effects of nitroglycerin 
is known, and no intervention has been subject to controlled study 
as a therapy of nitroglycerin overdose. Because the hypotension 
associated with nitroglycerin overdose is the result of venodilatation 
and arterial hypovolemia, prudent therapy in this situation should 
be directed toward an increase in central fluid volume. Passive 
elevation of the patient's legs may be sufficient, but intravenous 
infusion of normal saline or similar fluid may also be necessary. 

The use of epinephrine or other arterial vasoconstrictors in this 
setting is likely to do more harm than good. 

In patients with renal disease or congestive heart failure, therapy 
resulting in central volume expansion is not without hazard. 
Treatment of nitroglycerin overdose in these patients may be subtle 
and difficult, and invasive monitoring may be required. 
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Methemoglobinemia 5 ; E 
Nitrate ions liberated during metabolism of nitroglycerin can oxidize 
hemoglobin into methemoglobin. Even in patients totally without 
cytochrome bs reductase activity, however, and even assuming that 
the nitrate moieties of nitroglycerin are quantitatively applied to 
oxidation of hemoglobin, about 1 mg/kg of ei HA should be 
required before any of these patients manifests clinically significant 
(= 10%) methemoglobinemia. In patients with normal reductase 
function, significant production of methemoglobin should require 
even larger doses of nitroglycerin. In one study in which 36 patients 
received 2-4 weeks of continuous nitroglycerin therapy at 3.1 to 


4.4 mg/hr, the average methemoglobin level measured was 0.2%; _, 


this was comparable to that observed in parallel patients who 
received placebo. 

Notwithstanding these observations, there are case reports of 
significant methemoglobinemia in association with moderate 
overdoses of organic nitrates. None of the affected patients had 
been thought to be unusually susceptible. 

Methemoglobin levels are available from most clinical laborato- 
ries. The diagnosis should be suspected in patients who exhibit 
signs of impaired oxygen delivery despite adequate cardiac output 
and adequate arterial pO». Classically, methemoglobinemic blood is 
described as chocolate brown, without color change on exposure to 


air. 
When methemoglobinemia is diagnosed, the treatment of choice 
is methylene blue, 1-2 mg/kg intravenously. 


DOSAGE AND ADMINISTRATION 

The suggested starting dose is between 0.2 mg/hr* , and 

0.4 mg/hr* . Doses between 0.4 mg/hr* and 0.8 mg/hr* have 
shown continued effectiveness for 10-12 hours daily for at least 
one month (the longest period studied) of intermittent administra- 
tion. Although the minimum nitrate-free interval has not been 
defined, data show that a nitrate-free interval of 10-12 hours is 
sufficient (see CLINICAL PHARMACOLOGY). Thus, an appropriate 
dosing schedule for nitroglycerin patches would include a daily 
patch-on period of 12-14 hours and a daily patch-off period of 
10-12 hours. 

Although some well-controlled clinical trials using exercise 
tolerance testing have shown maintenance of effectiveness when: 
patches are worn continuously, the large majority of such 
controlled trials have shown the development of tolerance (i.e. , 


complete loss of effect) within the first 24 hours after therapy was ne 


initiated. Dose adjustment, even to levels much higher than 
generally used, did not restore efficacy. 
PATIENT INSTRUCTIONS FOR APPLICATION OF SYSTEM 
A patient leaflet is supplied with each carton. 
HOW SUPPLIED 
Total 
Nitro- 
glycerin 
Transderm- — in System Carton 
Nitro System* System Size Size 
0.1 mg/hr 12.5mq 5cm? 30 Systems... NDC 57267-902-26 
* *30 Systems... NDC 57267-902-42 
**100 Systems... NDC 57267-902-30 
0.2 mg/hr 25 mg 10 cm? 30 Systems...NDC 57267-905-26 
**30 Systems... NDC 57267-905-42 
** 100 Systems... NDC 57267-905-30 
0.4 mg/hr 50 mg 20 cm? 30 Systems... NDC 57267-910-26 
* *30 Systems... NDC 57267-910-42 
* *100 Systems...NDC 57267-910-30 
0.6 mg/hr 75 mg 30 cm? 30 Systems... NDC 57267-915-26 
* *30 Systems...NDC 57267-915-42 
**100 Systems... NDC 57267-915-30 


* * Institutional Pack 


* Rated release in vivo. Release rates were formerly described in 
terms of drug delivered per 24 hours. In these terms, the supplied 
Transderm-Nitro systems would be rated at 2.5 mg/24 hr 

(0.1 mg/hr), 5 mg/24 hr (0.2 mg/hr), 10 mg/24 hr (0.4 mg/hr), 
and 15 mg/24 hr (0.6 mg/hr). 


Do not store above 86°F (30°C). 


Summit Pharmaceuticals 
Dist. by: 

Summit Pharmaceuticals 

Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


Printed in U.S.A. 
C89-46 (Rev. 10/89) 
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Instructions to Authors 


Manuscripts are received with the understanding that they are sub- 
mitted solely to THE AMERICAN JOURNAL OF CARDIOLO- 
GY, that upon submission, they become the property of the Pub- 
lisher, that the work has not been previously published, and that 
the data in the manuscript have been reviewed by all authors, who 
agree with the analysis of the data and the conclusions reached in 
the manuscript. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced 
without the written permission of the Publisher. Statements in arti- 
cles are the responsibility of the authors. 

ADDRESS MANUSCRIPTS TO: William C. Roberts, MD, Editor 
in Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 
7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland 20814. 
Please include the corresponding author's phone number. The cover 
letter should state precisely and concisely the significance and 
uniqueness of the work in the authors' view. The authors may state 
the extent of any concessions they are readily prepared to make 
(for example, the elimination of 1 or more figures or tables or a 
portion of the text) to increase the likelihood of publication of their 
work in the Journal. Several names and addresses should be pro- 
vided of nonlocal experts who, in the authors' view, could provide 
objective and informed reviews of their work. The names of investi- 
gators considered unlikely by the authors to give nonbiased reviews 
of their work also may be submitted. This request is honored. 

Submit 3 copies (1 original and 2 copies) of the entire manu- 
script including text, references, figures, legends and tables. Study 
recent past issues of the Journal for format. Arrange the paper as 
follows: (1) title page, which should include the title, the full names 
and academic degrees of the authors, and the institution and city 
and state or city and country from which the work originated; (2) 
second title page, with only the title of the article (page not num- 
bered); (3) abstract; (4) text; (5) acknowledgment; (6) references; 
(7) figure legends; (8) miniabstract for Table of Contents that in- 
cludes the full title and names (without academic degrees) of the 
authors (page not numbered); and (9) tables. Number the title 
page as 1, abstract page as 2, and so forth. (Leave the second title 
page and the miniabstract page unnumbered.) Type on 22 X 28 cm 
(8.5 X 11 inch) paper, on 1 side only of each sheet, double-spaced 
(including references) with at least 25-mm (1-inch) margins. 

The second title page, on which the names and institutions of the 
authors are omitted, gives the Editor in Chief the option of acquir- 
ing blinded or nonblinded reviews. References to the institution in 
the text or to the author's previous work in the Reference section 
must be deleted or written in a manner that prevents identification 
of the authors and the institution. Label figures with the manu- 
script title rather than the authors' names so that blinded reviews 
can be solicited. The authors should state which type of review they 
wish in the cover letter; this request is honored. 

TITLE PAGE, TABLE OF CONTENTS, ABSTRACT AND MINI- 
ABSTRACT: For the complete title page, include the full first or 
middle and last names of all authors. Provide a short running title 
of 3 to 6 words. List the institution and address from which the 
work originated, and provide information about grant support if 
necessary. If the work described is supported by a grant from a 
pharmaceutical company, that fact should be stated on the title 
page. Add at the bottom the phrase, “Address for reprints:” fol- 
lowed by full name and address with zip code. Limit the abstract to 
250 words and the Table of Contents miniabstract to 150 words. 
List 2 to 6 key words for subject indexing at the end of the abstract. 

STYLE: Use appropriate subheadings throughout the body of the 
text, such as the Methods, Results and Discussion. Abbreviations 
are permitted, but no more than 3 per manuscript, and then they 
must be used on every page of the manuscript after they are initial- 
ly spelled out (followed by the abbreviation) in both abstract and 
introduction. Use generic names of drugs. Do not spell out any 
number, including those less than 10, except when used for opening 
a sentence, but try not to begin sentences with numbers. Use sym- 
bols for less than (<), greater than (>) and percent (96). Indent for 
paragraphs except the first one in both abstract and introduction. 
Consult the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals, published in The Annals of Internal Medicine 
June 1982;96:766-771, and also the Stylebook/Editorial Manual 
of the American Medical Association. 





REFERENCES: List all authors, year, volume and inclusive pages 
for all journal references, and specific page numbers for all book 
references as shown below. Avoid referencing abstracts, but if they 
are used, indicate them as such by the abbreviation (abstr) after 
the title. Do not use periods after authors' initials or after abbrevia- 
tions for titles of journals. Check Index Medicus or Annals of In- 
ternal Medicine (June 1982) as cited above for journal titles and 
abbreviations. Personal communications, unpublished observations 
and manuscripts submitted but not yet accepted for publication do 
not constitute references. 

Journal: Harvey W, Heberden W, Withering W, Stokes W, 

Murrell W, Einthoven W, Osler W. Anomalies and curiosities 

of cardiology and of cardiologists. Reflections of famous med- 

ical Williams. Am J Cardiol 1984;53:900-915. 

Chapter in Book: Cabot RC, White PD, Taussig HB, Levine 

SA, Wood P, Friedberg CK, Nadas AS, Hurst JW, Braun- 

wald E. How to write cardiologic textbooks. In: Hope JA, ed. 

A Treatise on Disease of the Heart and Great Vessels. Lon- 

don: Yorke Medical Books, 1984:175-200. 

Book: Carrel A, Cutler EC, Gross RE, Blalock A, Craffoord 

C, Brock RC, Bailey CP, DeBakey ME. The Closing of 

Holes, Replacing of Valves and Inserting of Pipes, or How 

Cardiovascular Surgeons Deal with Knives, Knaves and 

Knots. New York: Yorke University Press, 1984:903. 

FIGURES: Submit 3 glossy unmounted prints of each photograph 
and drawing. Artwork of published articles will not be returned 
unless requested. Use black ink for all charts (line drawings). Make 
decimals, broken lines and so on clear enough for reproduction. Use 
arrows to designate special features. Crop photographs to show 
only essential fields. Identify figures on back by title of the article; 
omit the authors' names so that blinded reviews can be obtained. 
Number figures in the order in which they are mentioned in the 
text. Indicate the top of each figure. Submit written permission 
from the publisher and author to reproduce any previously pub- 
lished figures. Limit figures to the number necessary to present the 
message clearly. Type figure legends on a separate page, double- 
spaced. Identify at the end of each legend and in alphabetical order 
all abbreviations in the figure. The cost of color reproduction must 
be paid by the author. 

TABLES: Place each table on a separate page, typed double- 
spaced. Number each table in Roman numerals (Table I, II, etc.) 
and title each table. Identify in alphabetical order at the bottom of 
the table all abbreviations used. When tabulating numbers of pa- 
tients, use no more than 2 lines, preferably only 1 line, per patient. 
Use a plus sign (+) to indicate “positive” or "present," a zero (0) 
for "negative" or “absent,” and dash (—) for “no information 
available" or “not done." Do not use “yes” or “no” or “more.” 

BRIEF REPORTS and CASE REPORTS: Brief Reports and Case 
Reports must be limited to no more than 4 text pages (including 
the title page) and 6 references. Longer ones may be returned with- 
out review. Neither an abstract nor a Table of Contents miniab- 
stract is required for a Brief or a Case Report. Subheadings are not 
used. 

LETTERS (for Publication): The author who submits a letter for 
consideration for publication should provide a cover letter on his/ 
her own stationery to the Editor in Chief stating why the letter 
should be published. The letter (as well as references) for consider- 
ation for publication should be typed, double-spaced, on a separate 
sheet of plain white paper and limited, with few exceptions, to 2 
pages. The original and 2 copies should be submitted. A title for 
the letter should be provided at the top of the page. At the end of 
the letter, the writer's full name and city and state (or country if 
outside the US) should be provided. The author's title and institu- 
tion should not be included. The word "References" does not ap- 
pear above the list of references in published letters. A letter con- 
cerning a particular article in the Journal must be received (from 
authors within the US) within 2 months of the article's publication. 

REPRINTS: Price schedules and order cards for reprints are 
mailed to the author upon publication of the article. Individual re- 
prints must be obtained through the author. 

PERMISSIONS: Permission to reproduce figures published in the 
Journal is obtained by writing to: THE AMERICAN JOURNAL 
OF CARDIOLOGY, 249 West 17th St., New York, NY 10011. 
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NEW 

pa dl INDICATIONS AND USAGE: EMINASE® ANISTREPLASE, is indicated for use in the management of acute myocardial infarction (AMI) in adults, for the lysis of thrombi obstructing coronary arteries, the | 

E M IN. A S E æ reduction of infarct size, the improvement of ventricular function following AMI, and the reduction of mortality associated with AMI. Treatment should be initiated as soon as possible after the onset of "4 
‘ef AMI symptoms. 3 


ANISTREPLASE EH CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, EMINASE* is contraindicated in the following situations: € active internal bleeding € history of cerebrovascular , 
accident w recent (within 2 months) intracranial or intraspinal surgery or trauma (see WARNINGS) ® intracranial neoplasm, arteriovenous malformation, or aneurysm = known bleeding diathesis 
m severe, uncontrolled hypertension. EMINASE* should not be administered to patients having experienced severe allergic reactions to either this product or Streptokinase. , 4 


WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE® therapy is bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 1. Internal [ 
bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 2. Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous cutdowns, arterial punctures, sites 
of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to the bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE* had dissipated, but while 
heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including catheter 
insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). Intramuscular injections and nonessential handling of the patient should be avoided during treatment with EMINASE® Venipunctures should 
be performed carefully and only as required. Should an arterial puncture be necessary following administration of EMINASE® it is preferable to use an upper-extremity vessel that is accessible to manual compression. A pressure dressing 
should be applied, and the puncture site should be checked frequently for evidence of bleeding. Each patient being considered for therapy with EMINASE® should be carefully evaluated and anticipated benefits should be weighed against 
potential risks associated with therapy. In the following conditions, the risks of EMINASE® therapy may be increased and should be weighed against the anticipated benefits: recent (within 10 days) major surgery (€.g., coronary artery 
bypass graft, obstetrical delivery, organ biopsy, previous puncture of non compressible vessels) w cerebrovascular disease ® recent gastrointestinal or genitourinary bleeding (within 10 days) @ recent trauma (within 10 days) including 

- cardiopulmonary resuscitation ® hypertension: systolic BP 180 mmHg and/or diastolic BP —110 mmHg = high likelihood of left heart thrombus (e.g., mitral stenosis with atrial fibrillation) = subacute bacterial endocarditis = acute peri- 
carditis = hemostatic defects including those secondary to severe hepatic or renal disease ™ pregnancy ® age >75 years (Use of EMINASE* in patients over 75 years old has not been adequately studied.) = diabetic hemorrhagic 
retinopathy or other hemorrhagic ophthalmic conditions = septic thrombophlebitis or occluded AV cannula at seriously infected site = patients currently receiving oral anticoagulants (e.g., warfarin sodium) € any other condition in 
which bleeding constitutes a significant hazard or would be particularly difficult to manage because of its location. 1 


Arrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias (such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular tachycardia) 
are not different from those often seen in the ordinary course of acute myocardial infarction and may be managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia and/or 
ventricular irritability be available when injections of EMINASE® are administered. 


Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been observed soon after intravenous EMINASE® administration. Patients should be monitored closely and, should symptomatic or i 
alarming hypotension occur, appropriate symptomatic treatment should be administered. 


PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with EMINASE® treatment. Invasive procedures should be minimized (see WARNINGS). Anaphylactoid reactions have rarely 
been reported in patients who received EMINASE*. Accordingly, adequate treatment provisions such as epinephrine should be available for immediate use. 


Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE® may not be as effective if administered more than 5 days after prior EMINASE® or Streptokinase therapy or streptococcal 
infection, particularly between 5 days and 6 months. Increased antistreptokinase antibody levels between 5 days and 6 
months after EMINASE® or Streptokinase administration may also increase the risk of allergic reactions. Repeated 
administration of EMINASE® within one week of the initial dose has occurred in a small number of patients treated for 
AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those patients who received 
repeat doses of EMINASE* but otherwise the adverse event profile was similar to those who received one dose. 


Laboratory Tests: Intravenous administration of EMINASE® will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). Results « d 
of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE* therapy may be unreliable ^X 
unless specific precautions are taken to prevent in vitro artifacts. EMINASE*, when present in blood in pharmacologic ri 
concentrations, remains active under in vitro conditions. This can lead to degradation of fibrinogen in blood samples 
removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 KIU/mL) can, to some 
extent, mitigate this phenomenon. 


Drug Interactions: The interaction of EMINASE* with other cardioactive drugs has not been studied. In addition to bleeding 
associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and dipyridamole) | 
may increase the risk of bleeding if administered prior to EMINASE* therapy. 


Use of Anticoagulants: EMINASE* alone or in combination with antiplatelet agents and anticoagulants may cause bleeding . 
complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical studies, a majority ! 
of patients treated received anticoagulant therapy postdosing with EMINASE* during their hospital stay and a minority 
received heparin pretreatment with EMINASE*. The use of antiplatelet agents increased the incidence of bleeding events 
similarly in patients treated with EMINASE* or nonthrombolytic therapy. There was no evidence of a synergistic effect of 
combined EMINASE* and antiplatelet agents on bleeding events. In addition, there was no difference in the incidence of 
hemorrhagic CVA's in EMINASE* treated patients who did or did not receive aspirin. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to evaluate the 
carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chromosomal aberration assays 
in human lymphocytes were negative at all concentrations tested. | 
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[ ; Pregancy (Category C): Animal reproduction studies have not been conducted with EMINASE® It is also not known whether 
i X EMINASE® can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity. EMINASE* 
F^ j B should be given to a pregnant woman only if clearly needed. 
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Nursing Mothers: It is not known whether EMINASE® is excreted in human milk, Because many drugs are excreted in 
human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE*. 


Pedialric Use: Safety and effectiveness of EMINASE* in children have not been established. 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE® in clinical trials (n—5275) was 14.6%, with 
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us nonpuncture-site bleeding occurring in 10.296, and puncture-site bleeding occurring in 5.796, of these patients. Bleeding 
a at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate coronary catheterization (13.3%, n=637) compared with those who did not (3.0%, n=2023). The incidence of presumed 
E intracranial bleeding within 7 days postdosing with EMINASE* was 0.57% (n—5275; 0.34% etiology confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. In the AIMS 


trial the overall incidence of bleeding in patients treated with EMINASE® was 14.8% compared with 3.8% for placebo. The incidence of specific bleeding events was: 





iy EMINASE* Placebo EMINASE* Placebo EMINASE* Placebo ` ~~ 
| 1 Type of Bleeding (n=500) (n=501) Type of Bleeding (n=500) (n—501) Type of Bleeding (n—500) (n=501) 

«A Á E SSS d 
a Puncture site 4.6% <1% Gastrointestinal hemorrhage 2.096 1.4% Anemia <1% <1% l 
| Nonpuncture site hematoma 2.8% <1% Intracranial 1.0% <1% Eye Hemorrhage <1% <1% 

ir’ Hematuria/Genitourinary 2.4% <1% Gum/Mouth Hemorrhage 1.096 0 Hemorrhage (unspecified) <1% 0 

= ‘Hemoptysis 2.2% <1% Epistaxis <1% <1% 

E ji In this study there was no difference between EMINASE® and placebo in the incidence of major bleeding events. Should serious bleeding (not controlled by local pressure) occur in a critical location (intracranial, gastrointestinal, | 
B. retroperitoneal, pericardial), any concomitant heparin should be terminated immediately and the administration of protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 

pe “appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 


~" 


Cardiovascular: The most frequently reported adverse experiences in EMINASE® clinical trials (n=5275) were arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE® and 46% of nonthrombolytic 
control patients. Hypotension occurred in 10.4% of patients treated with EMINASE* compared to 7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 


Allergic-type Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely (0.2%) in patients treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). These included 

symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpuric rash appearing one to two weeks 

e treatment zs been reported in 0.3% of patients. The rash may also be associated with arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was self-limiting and without i 
ong-term sequelae. 


Risk of Viral Transmission: Six batches of EMINASE® (five different batches of Lys-Plasminogen) were used in clinical trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was diagnosed 
in patients receiving EMINASE*. Lys-Plasminogen is derived from human plasma obtained from FDA approved sources and tested for absence of viral contamination, including human immunodeficiency virus type -1 (HIV-1) and hepatitis 
B surface antigen, The manufacturing process includes a vapor-heat treatment step for inactivation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of 210 ' fold HIV-1 infectious 
| particles, i.e., —10" infectious particles removed by vapor-heat treatment and a cumulative total of —10" infectious particles removed by the various steps in the purification process. 


| y Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the causal relationship to EMINASE* administration is unknown. The following adverse experiences were infrequently 
i" (<10%) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular—cardiac rupture,chest pain,emboli; Dermatology—purpura,sweating, Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic—throm- 
| _ bocytopenia; Metabolic and Nutritional—elevated transaminase levels; Musculoskeletal—arthralgia; Nervous—agitation, dizziness, paresthesia, tremor, vertigo; Respiratory—dyspnea, lung edema. 


| [ DOSAGE AND ADMINISTRATION: Administer EMINASE® as soon as possible after the onset of symptoms. The recommended dose is 30 units of EMINASE* administered only by intravenous injection over 2 to 5 minutes into an intravenous line or vein. 
l 
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Reconstitulion: 1. Slowly add 5 mL of Sterile Water for Injection, U.S.P., by directing the stream of fluid against the side of the vial. 2. Gently roll the vial, mixing the dry powder and fluid. Do not shake. Try to minimize foaming. 
yy 3. The reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, The product should be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of 


| the vial. 5. The reconstituted solution should not be further diluted before administration or added to any infusion fluids. No other medications should be added to the vial or syringe containing EMINASE*. 6. If 
ko EMINASE* is not administered within 30 minutes of reconstitution, it should be discarded. 
5 — WOW SUPPLIED: EMINASE* is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20. i 
| Storage: Store lyophilized EMINASE* between 2-8°C (36-46°F). Do not use beyond the expiration date printed on the vial. MA 
a ^ad 
' .. Manufactured by: N 
= Beecham-Wülfing 
| A Neuss, West Germany denen sae 
[ : Beecham Laboratories 

U.S. License No. 1097 Bristol, Tennessee 37620 
" 
| .. 61990 SmithKline Beecham Pharmaceuticals J-1592/BCE-5830 
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EMINASE | 


ANISTREPLASE 


Saves lives 
When used within 6 hours 
of onset in acute MI. 


Increases both 30-day and 1-year survival 
following acute MI 


Eminase has been studied worldwide in more than 5200 patients and reported 

in the literature as APSAC (anisoylated plasminogen streptokinase activator 

complex). | | | 
In one multinational clinical trial involving 1258 patients with acute myocardial — 

infarction, Eminase was significantly more effective in reducing mortality when 

compared with nonthrombolytic therapy. Eminase demonstrated a 47.2% 

reduction in mortality at 30 days and a 38% reduction at 1 year in acute MI — 

when administered within 6 hours of onset of symptoms.* 


Results of APSAC Intervention Mortality Study (AIMS) pee: 


Percent mortality Wi Percent mortality 
within 30 days A within 1 year 


- 
| 38% | 
| reduction | 


ye ee 


| reduction | 


control | | EMINASE : EMINASE 
11.1% 


(P = 0001) (P — .001) 
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Saves function 


When used within 6 hours 
of onset in acute MI. 


Reduces infarct size 24% 


In a double-blind randomized trial, the infarct size 
of Eminase patients was 24% smaller than that 
of heparin patients approximately 3 weeks after 
treatment (n = 188, P=.02).** 


Improves ejection 
fraction 


Patients treated with Eminase had significantly 
better left ventricular ejection fractions compared 


with heparin patients (53% v 47.5%; P < .01), 
when measured 4 days after treatment. ** 


Successful reperfusion 


Treatment in acute MI must not only open 
coronary arteries, but also keep them open. Two 
studies report successful reperfusion with 
Eminase of 6096* and 6496t Experience from 
these studies indicates a reocclusion rate within 
24 hours of 3% to 4%.** 


Presents a low incidence 
of serious adverse effects 


Few episodes of major bleeding. 

In all clinical trials (n — 5275), the incidence of 
intracranial bleeding was 0.5796, compared to 
0.16% with nonthrombolytic therapy. The overall 
incidence of bleeding was 14.6% (puncture-site 
bleeding, 5.7%; non-puncture-site bleeding, 
10.2%). 

Hypotension. 

With Eminase, the incidence of hypotension was 
10.4%, compared to 7.9% with nonthrombolytic 
therapy. 


Other adverse experiences reported 
include: 

Arrhythmia/conduction disorders; nausea and/ 
or vomiting; fever/chills; rash/itching. Anaphy- 
lactic reactions were rarely observed (0.2%). 


*Anderson et al. J Am Coll Cardiol. 1988;11:1153-1163. 
tBonnier et al. Am J Cardiol. 1988;62:25-30 
**See full prescribing information. 
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Saves time 


In administration 


Rapid preparation and administration saves critical time 
in initiating therapy in acute MI 


Rapid initiation of therapy due IV injection for mold use under Total 30-unit dose can be 
to simple preparation. a physician's care. completely administered in 
2 to 5 minutes. 


Saving time is the first step in saving lives in acute MI 


The ease of preparation and speed of administration with Eminase help reduce the critical time to 
initiate therapy. These valuable minutes result in optimal therapeutic effectiveness in treating the 
acute MI patient. 


In acute MI, intervene with a single 2- to 5-minute IV injection of 


 EMINASE’ 
Aia IHEPCASE | 30u | 


* 


Marketed by: 


SmithKline Beecham 








Cardiac Involvement 
in Systemic Lupus Erythematosus 
Detected by Echocardiography 


lan G. Crozier, MD, Edmund Li, MD, Margaret J. Milne, and M. Gary Nicholls, MD 


Cardiac involvement in patients with systemic lupus 
erythematosus (SLE) was assessed by full echocar- 
diography and continuous wave Doppler in 50 con- 
secutive patients and 50 age- and sex-matched 
control subjects in a prospective, blinded study. 
The left ventricular ejection fraction was decreased 
in patients compared to control subjects (61 + 9 vs 
68 + 7%, p <0.001), whereas interventricular sep- 
tum (12 + 3 vs 9 + 1 mm, p <0.001), and posterior 
wall dimension (9 + 2 vs 8 + 1 mm, p <0.001), left 
ventricular mass (186 + 54 vs 130 + 32g, p 
<0.001) and mitral valve Doppler A:E ratio (0.8 + 
0.2 vs 0.7 + 0.1, p <0.01) were increased. Peri- 
cardial effusion was detected in 27 patients and 5 
control subjects, and valvular regurgitation was 
more frequent in the patients (aortic 2 vs 0; mitral 
23 vs 5, p <0.001; tricuspid 34 vs 22, p <0.01 
and pulmonary 28 vs 17, p <0.05). Mitral or aortic 
regurgitation was more common in patients with 
active SLE (60 vs 40%, difference not significant) 
but was not related to the duration of SLE (r = 
0.02), duration of prednisone therapy (r = —0.13) 
or current dosage of prednisone (r = 0.01). This 
study demonstrates that pericardial effusion, valvu- 
lar regurgitation and myocardial abnormalities are 
frequently present in patients with SLE. 

(Am J Cardiol 1990;65:1145-1148) 


From the Department of Medicine, the Prince of Wales Hospital, the 


Chinese University of Hong Kong, Hong Kong. Manuscript received 
September 5, 1989; revised manuscript received December 29, 1989, 
and accepted January 4, 1990. 

Address for reprints: I.G. Crozier, MD, Department of Cardiology, 
Princess Margaret Hospital, Cashmere Road, Christchurch 2, Christ- 
church, New Zealand. 


in systemic lupus erythematosus (SLE),' autopsy 

studies have documented that the heart is affect- 
ed in most patients. Endocardial abnormalities are seen 
in 50 to 63% of cases,*-> myocardial involvement in 8 to 
81% of patients? and pericardial involvement is report- 
ed in 51 to 74% of patients from postmortem studies.?-^ 
Pericarditis is common clinically but rarely causes he- 
modynamic problems, while clinical manifestations of 
myocardial or endocardial involvement have been re- 
ported infrequently9-? and certainly much less than 
would be expected from autopsy studies. However, the 
number of patients studied has often been small, 
healthy control subjects were not always used for com- 
parison, many studies were retrospective and methods 
of investigation were sometimes limited. In the present 
study 50 consecutive patients with SLE and 50 
matched, normal subjects were investigated prospective- 
ly by echocardiography and Doppler studies, and the 
data assessed blind. 


à x ince the first description of cardiac involvement 


METHODS 

Fifty patients with SLE and 50 normal subjects 
matched for age and sex were studied prospectively. Pa- 
tients with SLE were recruited consecutively as either 
outpatients or in-patients by a single physician (EL). 
All fulfilled the revised criteria for SLE published by 
the American Rheumatism Association.'ó Duration of 
disease and prednisone therapy, presence of hyperten- 
sion and clinical evidence of cardiac disease were deter- 
mined at the time of study. Activity of SLE was as- 
sessed by the lupus activity criteria count"; the disorder 
was classified as “active” if 22 criteria were present. 
The 50 control subjects were recruited from paramedi- 
cal staff. All were normotensive, had no cardiovascular 
or connective tissue disease and were not taking medica- 
tions. All patients and control subjects were ethnic Chi- 
nese. 

Patients and control subjects underwent full echo- 
cardiographic and Doppler studies performed by a sin- 
gle operator using an Aloka SSD 280S ultrasound im- 
aging system with an Aloka UGR-34 Doppler unit. Us- 
ing a 3-MHz mechanical transducer, standard 
parasternal long-axis and short-axis and apical 4- and 5- 
chamber views were obtained. M-mode recordings of 
the aortic root, left atrium, left ventricular function and 
wall thickness and right ventricle were made from the 
parasternal long-axis view. Measurements were made 
according to recommendations of the American Society 
of Echocardiography.!? Left ventricular end-diastolic 
volume and end-systolic volume were calculated by the 


THE AMERICAN JOURNAL OF CARDIOLOGY MAY 1, 1990 1145 





TABLE I Echocardiographic and Continuous Wave Doppler 
Findings in 5O Patients with Systemic Lupus Erythematosus 
and 50 Control Subjects 


Variable Control p Value 


LVIDD (mm) 
LVIDS (mm) 
LVEF (96) 
VS (mm) 
PW (mm) 
AO (mm) 
LA (mm) 
RV (mm) 
PE (96) 
AR (%) 
MR (96) 
TR (96) 
PR (95) 
MVA:E 
AO = aortic root dimension; AR = aortic regurgitation; EF = ejection fraction; IDD = 
internal diastolic dimension; IDS = internal systolic dimension; LA = left atrial dimen- 
sion; LV = left ventricular; MR = mitral regurgitation; MVA:E = mitral valve Doppler A:E 
ratio; NS = not significant; PE = pericardial effusion; PR = pulmonary regurgitation; 


PW = posterior wall dimension; RV = right ventricular dimension; TR = tricuspid 
regurgitation; VS = ventricular septum dimension. 





Teichholz method!’ and ejection fraction was calculat- 
ed. Left ventricular mass was calculated by the follow- 
ing formula: [(left ventricular diastolic dimension + in- 
terventricular septal thickness + posterior wall thick- 


Difference 0 
(96) 


IVS PW LVMass MVAE 


Difference o 
(%) 


LVIDD LVIDS EF AO LA RV 


FIGURE 1. Percentage difference in echocardiographic vari- 
ables between 50 patients with systemic lupus erythematosus 
and 50 control subjects. AO = aortic root dimension; EF = 
ejection fraction; IDD = internal diastolic dimension; IDS = in- 
ternal systolic dimension; IVS = interventricular septum 
dimension; LA = left atrium dimension; LV = left ventricular; 
MVAE = mitral valve A:E ratio; PW = posterior 
dimension; RV = right ventricular dimension. *p <0.05; 
**p «0.01; *p «0.001. 
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ness)? — (left ventricular diastolic dimension)?] X 1.05 
(specific gravity of cardiac muscle). The presence or ab- 
sence of mitral valve prolapse, pericardial effusion or 
valve thickening was noted. Continuous wave Doppler 
studies with simultaneous imaging were performed for 
all 4 valves. Mitral and aortic valves were studied from 


. the apical 4- and 5-chamber views. Diastolic mitral flow 


at the E point (peak velocity in early diastole) and A 
point (peak velocity after atrial systole) were recorded 
and A:E ratio calculated as an index of left ventricular 
compliance. When mitral or aortic regurgitation was 
detected by continuous wave Doppler, the extent of the 
regurgitation jet was mapped by pulsed wave Doppler 
and graded from mild (grade 1) to severe (grade 4).?!?? 
The pulmonary valve was studied from a high left para- 
sternal window and the tricuspid valve from both an 
apical 4-chamber view and a right ventricular inflow 
view. Right ventricular systolic pressure was calculated 
from the tricuspid regurgitant velocity (when present) 
by Bernoulli's theorem of pressure drop (pressure [mm 
Hg] = 4 X peak regurgitant velocity [m/s]).? 

Recordings were made on an Aloka Ultrasono strip- 
chart thermal recorder at a paper speed of 50 mm/s for 
later analysis. Timing of the cardiac cycle was docu- 
mented by simultaneous electrocardiogram recording. 
Echocardiographic data were read by a blinded ob- 
server. 

Results are expressed as mean + standard deviation. 
Data from patients and control subjects were compared 
by Student's ¢ test and chi-square test. Relations were 
determined by Pearson's product moment correlation 
coefficient and Spearman rank correlation coefficient, 
and 2-tailed probabilities were determined from pub- 
lished tables. 


RESULTS 

Both groups consisted of 48 women and 2 men. Pa- 
tients and control subjects were well matched for age 
and body weight (30 + 8 and 29 + 7 years, 52 + 8 and 
51 + 7 kg, respectively). 

The average known duration of SLE was 33 + 29 
months and SLE was active at the time of study in 22 
patients. Forty-seven patients had been treated with and 
42 were currently taking prednisone. The duration of 
prednisone therapy was between 2 and 119 months (27 
+ 27 months) and the current dosage ranged from 1.5 
to 30 mg/day (12 + 10). Two patients had clinical evi- 
dence of cardiac disease (1 with cardiomegaly and 1 
with “primary” pulmonary hypertension). No patient 
had clinical evidence of valvular disease. The systolic/ 
diastolic blood pressure of patients was 114 + 13/744 
10 mm Hg and did not relate significantly to duration 
(r = —0.01 systolic, r = 0.05 diastolic) or dose of pred- 
nisone therapy (r = 0.08 systolic, r = 0.08 diastolic). 
Seven patients had previously documented hyperten- 
sion, which was well controlled on medication at the 
time of study. 

Results of M-mode and Doppler echocardiography 
are shown in Table I and Figures 1 and 2. Left ventricu- 
lar systolic dimension, aortic root, left atrial and right 
ventricular dimensions were all greater in patients with 
SLE (p «0.05 to «0.001), while the left ventricular 












ejection fraction was lower than in the control subjects 
(p <0.001, Table I, Figure 1). There was no significant 
relation between any of these variables and SLE dura- 
tion, disease activity at the time of study or dose or du- 
ration of prednisone therapy. Left ventricular diastolic 
dimension was similar in the 2 groups. Septal and poste- 
rior wall thickness were greater in SLE patients (Table 
I), and the left ventricular mass was 186 + 54 g in 
patients versus 130 + 32 g in controls (p <0.001, Figure 
1). The mitral valve A:E ratio was greater in the pa- 
tients (0.8 + 0.2 vs 0.7 + 0.1, p <0.01), indicating de- 
creased left ventricular diastolic compliance. There was 
no significant relation between left ventricular mass and 
systolic blood pressure (r = 0.21), diastolic blood pres- 
sure (r = 0.20), duration of disease (r = 0.13), activity 
of disease (r = —0.12), prednisone dose (r = 0.04) or 
duration of prednisone therapy (r = 0.23). Pericardial 
effusion was commonly seen in patients (27 vs 5, p 
<0.001), and ranged up to 10 mm in thickness in pa- 
tients but was <1 mm in control subjects. Pericardial 
effusion was more frequently observed in those patients 
with active compared with inactive disease (64 vs 46%, 
difference not significant). Mitral valve prolapse was 
observed in 6 patients and 5 control subjects. Abnormal 
thickening of the aortic valve was seen in 2 patients and 
of the mitral valve in 1 patient, but in no control sub- 
jects. Doppler studies documented that SLE patients 
more commonly had mitral regurgitation compared to 
control subjects (23 vs 5, respectively, p <0.001). When 
present, mitral regurgitation was graded as grade 1 in 
20 patients and grade 2 in 3 patients and as grade 1 in 
the 5 control subjects. Two patients had aortic regurgi- 
tation (grades 1 and 2) and aortic, tricuspid and pulmo- 
nary regurgitation were all more commonly seen in pa- 
tients (Table I, Figure 2). The presence of left heart 
valvular regurgitation (mitral or aortic) was more com- 
mon in patients with active than inactive disease (60 vs 
40%, difference not significant). There was no signifi- 
cant relation between the presence of left heart valvular 
regurgitation and duration of disease (r = 0.02), the 
duration of prednisone therapy (r = 0.13) or the current 
dose of prednisone (r = 0.01). 

One patient had severe pulmonary hypertension and 
was subsequently found at necropsy to have “primary” 


E 
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FIGURE 2. Presence of valvular regurgita- * 
tion as detected by continuous wave * 
Doppler echocardiography in 50 patients 3 
with systemic lupus erythematosus and 50 o 
control subjects. *p «0.05; **p «0.01; e 
+p «0.001. S 
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pulmonary hypertension. Of the remaining 23 patients, 
peak tricuspid regurgitant velocity was greater (1.9 + 
0.4 m/s; range 1.5 to 2.8) than in 17 control subjects 
(1.7 + 0.3 m/s; range 1.5 to 2.5) (p <0.05). 


DISCUSSION 

Autopsy reports in SLE have documented that car- 
diac involvement is common,?^? yet, with the exception 
of pericarditis, clinical cardiac abnormalities are report- 
ed to be much less common. This discrepancy may re- 
late to the insensitivity of techniques used, and to the 
absence of healthy control subjects as an index of nor- 
mality. In the present prospective study, we used both 
echocardiography and Doppler to assess cardiac abnor- 
malities in 50 consecutive patients with SLE, compared 
with 50 matched control subjects. A number of cardiac 
abnormalities were observed in the SLE patients. 

First, pericardial involvement was observed in great- 
er than half of the patients, and tended to be more com- 
mon in those with active disease. However, pericardial 
tamponade or constriction was not observed. These find- 
ings are similar to those from an earlier echocardio- 
graphic study.!> 

Second, valvular regurgitation was common. As in 
previous studies!?-!? we found a low incidence of struc- 
tural valvular abnormalities in patients with SLE. How- 
ever, Doppler studies showed a high incidence of valvu- 
lar regurgitation in the patients, especially of the mitral 
valve, while control subjects had an incidence of valvu- 
lar regurgitation similar to that reported by previous 
studies.?^ The high incidence of mitral regurgitation ob- 
served, despite a normal appearing valve in most cases, 
may be because endocardial involvement in SLE is due 
to small verrucous vegetations that may be too small to 
be visualized by conventional echocardiography. Alter- 
natively, mitral regurgitation may be secondary to left 
ventricular dilatation; however, as this was not marked, 
this is less likely. The significance of this high incidence 
of valvular regurgitation is not known at this stage, es- 
pecially because valvular regurgitation was clinically si- 
lent and was graded as mild by pulsed wave Doppler 
mapping. However, it is clear from case reports that 
Libman Sacks endocarditis may result in severe mitral 
or aortic regurgitation?^!^ or less commonly steno- 
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sis. 659.1^ Further, a recent study has shown that endo- 
cardial involvement may become more common and 
more severe with longstanding SLE.!^ With improved 
therapy of SLE and improvement in long-term progno- 
sis,^? it is possible that significant valvular disease will 
become more common. It has been suggested that the 
use of steroids may increase valvular regurgitation in 
patients with SLE by promoting healing and scarring of 
the cardiac valves? We found no evidence to support 
this hypothesis as there was no relation observed be- 
tween the use of steroids and the presence of valvular 
regurgitation. We did find that left heart valvular re- 
gurgitation tended to be more common with active dis- 
ease, consistent with the valvular regurgitation being 
due to the primary disease process. 

Third, we found clear evidence of functional myo- 
cardial abnormalities. Previous studies have yielded con- 
flicting data as to whether myocardial function is ab- 
normal in SLE.!':!?:/^ In the present study we found 
that the left ventricular systolic dimension was in- 
creased and the left ventricular ejection fraction was de- 
creased in patients with SLE, indicating systolic dys- 
function. Although coronary atherosclerosis appears to 
be accelerated in SLE, especially in patients receiving 
steroids,??6 there were no clinical features suggestive of 
coronary artery disease in our patients, and indeed this 
would be rather unlikely in such a young, predominant- 
ly female Chinese cohort. Likewise, although hyperten- 
sion may cause left ventricular systolic functional ab- 
normalities, blood pressure was normal at the time of 
study and hypertension had previously been document- 
ed in only 7 patients. Despite normal blood pressures, 
we observed much greater interventricular septal and 
posterior left ventricular wall thickness and left ventric- 
ular mass in patients with SLE. We also found evidence 
of decreased left ventricular diastolic compliance, as 
shown by the increased mitral valve Doppler A:E ra- 
tio,?! as would be expected in the presence of increased 
left ventricular mass. In the absence of other demon- 
strable causes, it is likely that myocardial involvement 
in SLE is responsible for the impaired systolic function 
observed. Further, the increased left ventricular mass 
and decreased left ventricular diastolic compliance may 
also be due directly to myocardial involvement as both 
fibrinoid and cellular infiltration?? and increased myo- 
cardial fibrous tissue” are observed in SLE. 

Fourth, we observed higher tricuspid regurgitant ve- 
locities in the patients with SLE, indicating higher right 
ventricular systolic and pulmonary artery pressures. 
Pulmonary artery hypertension in SLE may be due to 
impaired left ventricular function, parenchymal lung in- 
volvement or thromboembolic disease. Less commonly, 
microvascular pulmonary hypertension (“primary”) is 
observed in SLE”? and occurred in 1 patient in this 
series. 
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Prevalence and Clinical Implications of Atrial 
Spontaneous Contrast in Patients Undergoing 
Transesophageal Echocardiography 


Ramon Castello, MD, Anthony C. Pearson, MD, and Arthur J. Labovitz, MD, 
with the technical assistance of Patricia Lenzen 


The prevalence of atrial spontaneous contrast was 
evaluated in 150 consecutive patients undergoing 
transesophageal echocardiography. Spontaneous 
contrast was observed in 29 patients (19%). It was 
seen in the left atrium in 24 patients, in the right 
atrium in 4 patients and in both atria in 1 patient. 
Spontaneous atrial contrast was not seen in the 
absence of an associated cardiac abnormality. Uni- 
variate analysis showed a significant relation be- 
tween the presence of spontaneous contrast and 
significant mitral regurgitation (p «0.05), the pres- 
ence of mitral valve prostheses (p <0.001), atrial 
fibrillation (p «0.0001) and left atrial size (p 
«0.001). Multivariate analysis showed that the 
presence of atrial fibrillation, prosthetic mitral 
valve and atrial size were independent factors for 
the presence of spontaneous contrast. However, of 
the 29 patients with spontaneous contrast, 13 
(4596) were in sinus rhythm and in only 4 (16%) 
was the left atrial size >60 mm. Left atrial throm- 
bus was detected in 9 of the 150 patients. AI- 
though spontaneous contrast was noted in 5 (55%) 
patients with left atrial thrombus and in only 20 
(1496) patients without left atrial thrombus (p 
« 0.001), none of the 3 patients who had right atri- 
al thrombus had spontaneous contrast in that 
chamber. Overall, 7 (58%) of the 12 patients with 
right or left atrial thrombi had no evidence of spon- 
taneous contrast. Multivariate analysis showed that 
atrial fibrillation was the only independent clinical 
predictor of left atrial thrombus. Thus, spontaneous 
echocardiographic contrast is a common phenome- 
non observed in approximately 20% of the patients 
undergoing transesophageal echocardiography. Its 
relation with thrombus formation and prognostic 
significance requires further evaluation. 

(Am J Cardiol 1990;65:1149-1153) 
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usually produced by intravascular injection of 

agitated fluid containing microbubbles, but oc- 
casionally, contrast signals appear spontaneously.! 
Spontaneous contrast, described as smoke-like discrete 
reflectances in intracardiac blood, is most commonly 
seen in clinical settings resulting in low flow states, such 
as severe left ventricular dysfunction or in the presence 
of mitral valve disease.^? The visualization of spontane- 
ous contrast in the atria by transthoracic echocardiogra- 
phy is an uncommon phenomenon. Since the advent of 
transesophageal echocardiography, it has been observed 
with increasing frequency, especially in patients with 
mitral stenosis or mitral valve prostheses.°’ This study 
assesses the prevalence of spontaneous contrast in 150 
patients undergoing transesophageal echocardiography 
and describes the factors related to its presence or 
absence. 


(s reflectances visualized by ultrasound are 


METHODS 

Patient population: The study group was made up of 
150 consecutive patients undergoing transesophageal 
echocardiographic studies. All patients were also exam- 
ined by transthoracic echocardiography within 24 
hours; 81 were men and 69 were women with a mean 
age of 57 + 16 years (range 17 to 84). Written in- 
formed consent was obtained from all patients before 
they entered the study. Fifty-one patients (34%) had 
had cerebral ischemic events and underwent transesoph- 
ageal echocardiography as part of a prospective study to 
rule out cardiac source of embolism. Forty-five patients 
(30%) underwent the study to evaluate mitral or aortic 
valve disease. Indications in the remaining patients in- 
cluded suspected aortic dissection in 21 patients (14%), 
left ventricular function assessment in 15 patients (10%) 
and other reasons in 18 patients (12%). 

Echocardiography: Transthoracic studies were per- 
formed using either Irex Meridian or Hewlett-Packard 
(model 77020 AC) ultrasound systems with 2.5-MHz 
phased array transducers. Multiple standard projections 
were obtained. Left atrial anteroposterior diameter was 
obtained from the parasternal long-axis view and mea- 
sured from the M-mode at end-systole according to the 
American Society of Echocardiography criteria.’ Right 
atrial dimensions were obtained from the 4-chamber 
view. Longitudinal and transverse diameters were ob- 
tained at end-systole. Right and left ventricular systolic 
function was analyzed from multiple views and classi- 
fied as normal, mildly, moderately or severely de- 
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TABLE I Factors Related to the Presence or Absence of 
Spontaneous Contrast 


Present Absent 


n = 121 (%) 


56 + 16 

74/47 

39 (32) 
9 (7) 

31 (26) 
8 (6) 


n = 25 (96) p Value 


63 4 13 
7/18 
22 (88) 
3 (12) 
12 (48) 
12 (48) 


Age (yrs) 

Men /women 

Mitral valve disease 
Stenosis 
Regurgitation (2 to 3+) 
Prosthesis 

Left ventricular dysfunction 
Moderate to severe 

Atrial fibrillation 

Left atrial dimension (mm) 


9 (36) 
16 (64) 8 (6) 
52+12 40+9 


Right atrium spontaneous contrast patients are excluded. 


33 (27) 


TABLE Il Factors Related to the Presence of Left Atrial 
Thrombus 


Thrombus Present Thrombus Absent 
n=9(%) 


1 (11) 
3 (33) 


n= 141 (%) p Value 


Prosthetic mitral valve 
Anticoagulants 

Atrial fibrillation 6 (67) 
Left atrium (mm) 49+7 
Spontaneous contrast 5 (55) 


19 (13) 
34 (24) 
18 (13) 
42+8 
20 (14) 





pressed. Transthoracic studies were analyzed by 2 expe- 
rienced cardiologists who were unaware of the transe- 
sophageal study findings. Transesophageal studies were 
performed with a 5-MHz phased array transducer at- 
tached to the tip of a commercially available gastro- 
scope (Hewlett-Packard). Following topical anesthesia 
of the hypopharynx with benzocaine and intravenous se- 
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FIGURE 1. Comparison of left atrial diameter of patients 
with and without spontaneous contrast. 
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dation with either midazolam or diazepam, the esopha- 
geal probe was introduced. The procedure took an aver- 
age of 15 minutes and was well tolerated by all patients. 
Spontaneous contrast was defined as the presence of dy- 
namic echoes (smoke-like) curling up in a circular pat- 
tern within the right or left atria. When the presence of 
spontaneous contrast was suspected, the gain settings 
were decreased in a stepwise fashion to exclude white 
noise artifact due to excessive gain. Subsequently, the 
gain was adjusted for an optimal visualization. The 
characteristic swirling flow pattern was useful in differ- 
entiating true spontaneous contrast from excessive gain 
echoes, usually located throughout the ultrasound field. 
All studies were reviewed by 2 independent observers 
with regard to the presence or absence of spontaneous 
contrast and its precise location (right atrium, left atri- 
um, left atrial appendage). Discrepancies were only not- 
ed in 2 patients with spontaneous contrast in the right 
atrium. Both patients had low cardiac output and a cen- 
tral intravenous line at the time of the study and they 
were eliminated from subsequent analysis upon further 
review. Mitral and tricuspid regurgitation were graded 
in a semiquantitative fashion based on the color flow 
regurgitant area (0 to 3+). 

Statistical analysis: Student's unpaired 1 tests were 
used to compare continuous variables between groups. 
Chi-square tests or Fisher exact tests, when necessary, 
were used to compare categorical variables. Stepwise re- 
gression analysis (maximum likelihood ratio method) 
was used to identify independent predictors of the pres- 
ence of spontaneous contrast and left atrial thrombi. A 
p value «0.05 was considered statistically significant. 


RESULTS 

Clinical characteristics—prevalence and location of 
spontaneous contrast: Of the 150 patients, 37 (25%) 
had a structurally normal heart, 25 (17%) had coronary 
artery disease, 64 (42%) had valve disease, 6 (4%) had 
cardiomyopathy and miscellaneous cardiac abnormali- 
ties were found in the remaining 18 patients (12%). 
Spontaneous contrast was not observed in any patient 
by transthoracic echocardiography. However, by the 
transesophageal approach, it was present in 29 patients 
(19%) (p «0.05 vs transthoracic echocardiography). 
Spontaneous contrast was seen in the left atrium in 24 
patients, in the right atrium in 4 patients and in both 
the right and left atria in 1 patient. 

Twenty-two (88%) of the 25 patients with spontane- 
ous contrast in the left atrium had mitral valve disease. 
Of the 5 patients with right atrial spontaneous contrast, 
1 had mitral and tricuspid valve disease, 1 had transpo- 
sition of the great arteries and tricuspid atresia correct- 
ed by Fontan procedure and 3 had coronary artery dis- 
ease with secondary right ventricular dysfunction. One 
of these 3 patients also had documented right atrial in- 
farction. The clinical features of patients with and with- 
out spontaneous contrast are listed in Table I. The per- 
centage of patients with significant (2 to 3+) mitral 
regurgitation, mitral valve prostheses and atrial fibrilla- 
tion was significantly higher in the group of patients 
with spontaneous contrast. Moderate to severe left ven- 
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tricular systolic dysfunction was more frequent in pa- 
tients with spontaneous contrast, but the difference was 
not statistically significant. Left atrial size was signifi- 
cantly larger in those patients with spontaneous con- 
trast. However, there was a considerable overlap be- 
tween the 2 groups (Figure 1). Atrial fibrillation was 
significantly related to the presence of spontaneous con- 
trast. Almost two-thirds of the spontaneous contrast pa- 
tients had atrial fibrillation as compared with only 6% 
of those without spontaneous contrast. In patients with 
atrial fibrillation, there were no differences in left atrial 
dimension in patients with or without spontaneous con- 
trast (50 + 9 vs 50 + 8 mm, difference not significant). 
Of the 20 patients with mitral valve prostheses (17 me- 
chanical and 3 porcine), 11 were functioning normally, 
1 was thrombosed and 8 showed significant mitral re- 
gurgitation. Spontaneous contrast was observed in 12 
(60%) of these 20 patients and 3 of them had dysfunc- 
tioning prostheses. Spontaneous contrast was only noted 
in patients with mechanical valves. The 3 patients with 
porcine valves had severe mitral regurgitation due to 
prosthetic dysfunction, but spontaneous contrast was 
not observed in any of them. In the group of patients 
with mitral prostheses (n = 20), atrial fibrillation was 
more frequent in those with spontaneous contrast than 
in those without (7 of 12 [58%] vs 1 of 8 [13%], p 
<0.05), and left atrial size was also significantly larger 
in patients with spontaneous contrast (58 + 15 vs 44 + 
11 mm, p <0.05). Multivariate stepwise regression 
analysis, including all the variables found to be signifi- 
cant by univariate analysis, identified atrial fibrillation 
(F = 53.4), the presence of mitral prostheses (F = 17.2) 
and left atrial size (F = 8.9) as independent factors for 
the presence of spontaneous contrast. 


FIGURE 2. Upper panel, transesophageal 
study performed before mitral valvuloplas- 
ty. Patient was not on anticoagulant treat- 
ment. Note spontaneous contrast (SC) in 
left atrial appendage (LAA) and small 
thrombus. Lower panel, after 2 months of 
anticoagulation, thrombus is not seen but 
SC persists. AO = aorta; PA = pulmonary 
artery. 


Right atrial spontaneous contrast: All 5 patients 
with right atrial spontaneous contrast were in sinus 
rhythm. None of them had tricuspid stenosis or annulo- 
plasty, but 3 (60%) had significant tricuspid regurgita- 
tion. Left atrial size was not different in patients with 
left or right atrial spontaneous contrast (52 + 13 vs 48 
+ 7 mm, difference not significant). However, right 
atrial size was significantly larger in those patients with 
right atrial spontaneous contrast (52 + 10 vs 44 + 5 
mm, p <0.01). 

Spontaneous contrast and thrombosis: Twelve pa- 
tients (8%) had evidence of thrombus by transesophage- 
al echocardiography—4 in the left atrium, 4 in the left 
atrial appendage and 1 patient had a large left atrial 
thrombus that also extended into the appendage (Table 
II). In 3 patients, thrombus was noted in the right atri- 
um, but none of these 3 had spontaneous contrast. Only 
] patient with mitral prostheses had thrombus. The 
presence of thrombus in the left atrium was significant- 
ly related to the size of the left atrium, atrial fibrillation 
and spontaneous contrast by univariate analysis. Multi- 
variate regression analysis, including all the significant 
variables, identified atrial fibrillation as the only inde- 
pendent factor (p «0.0001) related to the presence of 
thrombus. 


DISCUSSION 

Prevalence of spontaneous contrast: Dynamic in- 
traatrial smoke-like echoes were initially identified in 
patients with mitral valve disease. Using transthoracic 
echocardiography, Garcia Fernandez et al^ reported 4 
patients with spontaneous contrast and giant left atrium 
subsequent to long-standing mitral valve disease. Iliceto 
et al? using a 3.5-MHz transducer, noted dynamic in- 
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tracavitary echoes in 10 (3.9%) of 281 patients with mi- 
tral stenosis. More recently, Beppu et al? with a 2.4- 
MHz transducer, found smoke-like echoes in the left 
atrium in 37 (32%) of 116 consecutive patients with mi- 
tral valve disease. 

Only 2 studies have looked at the detection of left 
atrial spontaneous contrast by transesophageal echocar- 
diography.®’ Among 314 patients studied by Erbel et 
al who underwent transesophageal echocardiography, 
99 had mitral valve disease and spontaneous contrast 
was observed in 9 of them. Thus, the relative prevalence 
of spontaneous contrast was 9% in patients with mitral 
valve disease and 2.9% for the entire group. Daniel et 
al’ found left atrial spontaneous contrast in 35 (67%) of 
52 patients with mitral stenosis and in 26 (37%) of 70 
patients with mitral valve prosthesis. The studies were 
performed with a 3.5-MHz transducer and spontaneous 
contrast was not detected in any of the 66 patients with- 
out mitral stenosis or mitral valve prosthesis who were 
used as a control group. 

We have observed this phenomenon in 29 (19%) of 
150 consecutive patients undergoing transesophageal 
echocardiography. In none of 37 patients with structur- 
ally normal hearts was spontaneous contrast observed. 
The incidence was 25% for patients with mitral stenosis 
and 60% for those with mitral valve prostheses. These 
large differences in the relative incidence of spontaneous 
contrast among the reported series may be explained by 
the different echocardiographic techniques used, the dif- 
ferent populations studied or differing definitions of 
spontaneous contrast. 

Factors favoring development of spontaneous con- 
trast: Atrial fibrillation and left atrial enlargement are 
considered major conditions favoring the development 
of blood stasis and spontaneous contrast. All 10 patients 
with spontaneous contrast described by Iliceto et al? had 
atrial fibrillation and 9 had a left atrial diameter >60 
mm. In the series of Beppu et al, all patients had atrial 
fibrillation and the mean left atrial dimension was 76 
and 66 mm for patients with severe or mild spontaneous 
contrast. Fifty-four (89%) of the 61 patients with spon- 
taneous contrast in the series of Daniel et al’ had atrial 
fibrillation and 40 (66%) had a left atrial diameter >60 
mm. 

In our study, atrial fibrillation and left atrial diame- 
ter were significantly related to the occurrence of left 
atrial spontaneous contrast by both univariate and mul- 
tivariate analysis. However, as many as 13 (45%) of the 
29 patients with spontaneous contrast were in sinus 
rhythm. In addition, although left atrial size was larger 
in patients with spontaneous contrast, only 4 (16%) of 
25 patients with left atrial spontaneous contrast had a 
left atrial diameter >60 mm. The tremendous overlap 
between left atrial diameter values of both groups pre- 
cluded any possible prediction of the appearance of 
spontaneous contrast from left atrial size alone. These 
results indicate that with a more sensitive technology, 
spontaneous contrast can be observed in patients with 
only mildly enlarged atrial chambers. 

Beppu et al? suggested that the presence of signifi- 
cant mitral regurgitation would preclude the develop- 
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ment of the smoke-like spontaneous contrast echocardi- 
ography. Our experience is quite the opposite. Twelve 
(48%) of the 25 patients with left atrial spontaneous 
contrast had mitral regurgitation and the relative inci- 
dence of spontaneous contrast in patients with signifi- 
cant mitral regurgitation was 12 of 43 (28%). Also of 
interest is that 5 patients (17%) had right atrial sponta- 
neous contrast. None of these patients had either atrial 
fibrillation or tricuspid stenosis or annuloplasty. Com- 
mon to all of these patients was the observation of a 
dilated and poorly contractile right atrium. The lack of 
effective atrial contraction was documented by pulsed 
Doppler (absence of A wave) in 1 of these patients. 

Spontaneous contrast and thrombosis—clinical im- 
plications: The relation between spontaneous contrast 
and thrombus formation has been previously studied. In 
3 of the 10 patients with spontaneous contrast described 
by Iliceto et al,° left atrial thrombi were detected. Bep- 
pu et al? found left atrial thrombus in 6 (60%) and 7 
(26%) patients with severe and mild spontaneous con- 
trast, respectively. These investigators suggested that 
the presence of smoke-like echo may be considered as a 
warning of left atrial thrombus formation. With regard 
to transesophageal studies, Erbel et al6 reported that 
signs of cerebral emboli were found in 5 of 9 patients 
and signs of peripheral embolism were found in 3 of the 
9 patients with spontaneous contrast. Left atrial throm- 
bi were observed in 2 patients. In the series of Daniel et 
al,’ 29 (48%) of 61 patients with spontaneous contrast 
exhibited atrial thrombi or had a history of arterial em- 
bolization. The investigators concluded that the pres- 
ence of spontaneous contrast would be an indicator of 
an increased thromboembolic risk. 

Our results differ in several areas from previous 
studies. We found a significant relation between the 
presence of left atrial spontaneous contrast and left atri- 
al thrombi by univariate analysis. However, when all 
significant variables were included in a multivariate 
analysis, atrial fibrillation was selected as the only inde- 
pendent predictor of left atrial thrombus. In addition, 
none of the 3 patients who exhibited right atrial throm- 
bus had spontaneous contrast. Overall, 7 (58%) of the 
12 patients with right or left atrial thrombi had no evi- 
dence of spontaneous contrast. This is in contrast with 
the results of Daniel et al,’ who found spontaneous con- 
trast in all patients with atrial thrombi. The clinical im- 
plications of spontaneous contrast are still unclear. The 
previously mentioned findings led some investigators to 
suggest that the presence of spontaneous contrast could 
be useful to identify patients with an increased risk of 
thromboembolic events. This hypothesis is based on the 
relatively high incidence of atrial thrombus in patients 
with atrial spontaneous contrast, and on the fact that a 
history of arterial embolization was significantly more 
frequent in those patients. 

It is not surprising that a close relation between atri- 
al thrombi and the presence of atrial spontaneous con- 
trast may exist, since the factors that favor both find- 
ings are similar. No study has looked at the clinical fol- 
low-up of patients with echocardiographically proven 
spontaneous contrast. Thus, the prognosis and clinical 
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significance of spontaneous contrast still need to be in- 
vestigated in a systematic prospective fashion by longi- 
tudinal studies. 

_ Although the pathophysiology of spontaneous echo- 
genicity is unknown, it has been postulated that rou- 
leaux formation of erythrocytes, occurring during slow 
flow conditions, may be responsible for its production.!? 
Turbulence could also enhance echogenicity by disrupt- 
ing aggregated and nonaggregated erythrocyte orienta- 
tion and thus causing ultrasonic backscatter.!! Erbel et 
al6 reported that all their patients with spontaneous con- 
trast showed signs of increased platelet aggregation. Re- 
cently, Mahony et al? reported a patient with left ven- 
tricular spontaneous contrast despite heparin treatment 
in whom platelet aggregates were seen on the peripheral 
blood. After 5 days of treatment with trifluoperazine, 
complete echocardiographic resolution was noted. One 
of our patients underwent transesophageal study as part 
of preevaluation for mitral balloon valvuloplasty. The 
study showed left atrial spontaneous contrast and a 
small thrombus was noted in the left atrial appendage. 
The patient was put on sodium warfarin anticoagulant 
therapy and 2 months later a new transesophageal study 
revealed resolution of the thrombus but persistence of 
left atrial spontaneous contrast (Figure 2). 

Further studies are therefore warranted comparing 
the therapeutic value of anticoagulation/antiplatelet 
therapy or a combination of both agents in patients with 
spontaneous contrast. 
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In Vivo Phosphorus-31 Spectroscopic Imaging 
in Patients with Global Myocardial Disease 
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Michael W. Weiner, MD, and Barry Massie, MD 


The goals of this study were to determine whether 


abnormalities in phosphorus metabolism could be 
noninvasively detected using phosphorus-31 nucle- 
ar magnetic resonance spectroscopy in patients 
with dilated cardiomyopathy and left ventricular 
hypertrophy, and whether these patient groups 
could be distinguished from each other based on 
parameters obtained using this technique. Seven- 
teen patients and 14 control subjects were studied 
using nuclear magnetic resonance spectroscopy. 
Spectra were obtained from the human heart at 
rest using 3-dimensional spectroscopic imaging as 
a localization technique. Data were acquired over 
an average volume of 48 cc in 26.3 minutes using a 
2 tesla imaging and spectroscopy unit. The ratio of 
phosphocreatine to adenosine triphosphate was 
0.89 + 0.08 (mean + standard error) in normal 
subjects and did not differ significantly in patients 
with dilated cardiomyopathy or left ventricular hy- 
pertrophy. A prominent peak in the phosphodiester 
region was seen much more frequently in patients 
with dilated cardiomyopathy, resulting in signifi- 
cantly higher ratios of phosphodiester to phospho- 
creatine (1.28 + 0.35) and phosphodiester to aden- 
osine triphosphate (0.79 + 0.18) in this group com- 
pared to normal subjects (0.33 + 0.08 and 0.29 + 
0.08, respectively). However, the various patient 
groups could not be reliably distinguished from 
each other based on spectral patterns. 

These studies demonstrate the feasibility of per- 
forming phosphorus-31 nuclear magnetic reso- 
nance spectroscopic imaging in patients with myo- 
cardial disease. The initial results indicate that, 
under resting conditions, the ratio of phosphocrea- 
tine to adenosine triphosphate is not consistently 
altered in patients with severe global cardiomyopa- 
thies or hypertrophy. Phosphodiesters are elevated 
in some patients with dilated cardiomyopathy, a 
finding that may signify abnormal phospholipid 
metabolism in this condition. 

(Am J Cardiol 1990;65:1154-1161) 
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he mechanisms leading to myocardial damage 
and dysfunction in global myocardial disorders 
such as ventricular dilation or hypertrophy are 
largely unknown. Observed alterations in cellular com- 
position,' mitochondrial energy production? and perfu- 
sion? in these conditions might be expected to impair 
high energy phosphate metabolism. While some studies 
in animal models of cardiomyopathy and heart fail- 
ure,^? as well as a biopsy study of left ventricular hyper- 
trophy in man, have shown reduced levels of high ener- 
gy phosphates, it has been difficult to assess the meta- 
bolic status of the human heart in vivo because of the 
invasive nature of biochemical measurements and the 
lability of high-energy phosphates in tissue samples. 
Recent development of nuclear magnetic resonance 
(NMR) localization techniques has allowed the acquisi- 
tion of reproducible spectra from the human heart.7-9 
The goals of this study were to determine whether ab- 
normalities in high energy phosphate metabolism could 
be noninvasively detected in patients with global myo- 
cardial disease, and whether these patient groups could 
be distinguished from each other. Phosphorus-31 NMR 
spectroscopy was used to measure myocardial phos- 
phate metabolites in 17 patients with either left ventric- 
ular hypertrophy or dilated cardiomyopathy, and these 
results were compared to measurements in 14 control 
subjects. 


METHODS 

All studies were approved by the Human Studies 
Committees of the University of California, San Fran- 
cisco, and the Veterans Administration. Fourteen con- 
trol subjects (ages 18 to 46 years, mean 25) were nor- 
mal volunteers without any evidence of cardiovascular 
disease by symptoms or physical examination. Patients 
were selected for study in 3 groups as they presented 
during routine clinical echocardiography. All patients 
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had high quality echocardiographic examinations to de- 
termine left ventricular end-diastolic dimension, left 
ventricular septal wall thickness and left ventricular 
ejection fraction using the leading edge method.!? Sig- 
nificant coronary artery disease was excluded by the 
absence of anginal symptoms, segmental wall motion 
abnormalities on echocardiography and diagnostic 
changes on electrocardiography. In addition, patients 
were required to have either normal coronary arteries at 
cardiac catheterization or a negative treadmill exercise 
test with thallium-201 imaging. 

Patients were divided into 3 groups. Five patients 
with concentric left ventricular hypertrophy and normal 
systolic function (ejection fraction >50%) were consid- 
ered to have mild hypertrophy with a septal wall thick- 
ness between 1.2 and 1.5 cm. Six patients with severe 
hypertrophy had a septal wall thickness 21.5 cm. Six 
patients with left ventricular dilation and cardiomyopa- 
thy had a left ventricular end-diastolic dimension >5.6 
cm and an ejection fraction «4096. Characteristics of 
the patients are listed in Table I. 

Data acquisition: After signing informed consent, 
subjects were studied using a l-m bore Philips S15 
Gyroscan superconducting magnet operating at 2 tesla. 
The subject was positioned on his or her back and the 
location of the cardiac apex was determined by palpa- 
tion. A 9- or 14-cm diameter single turn surface coil 
was placed on the person's chest so that the center of 
the coil was over the heart. The coil was then held in 
place with an elastic band around the chest, and the 
subject was placed into the magnet bore so that the coil 
center was at the longitudinal isocenter of the magnet. 
Leads were placed on the person's back to obtain elec- 
trocardiographic monitoring and to gate the image and 
spectral acquisition. 

Proton images were acquired using a gated spin-echo 
sequence with an echo time of 30 ms. Nine transverse 
images were obtained in 2 to 4 minutes with a resolu- 
tion of 256 X 128 pixels. In 4 instances, it was necessary 
to reposition the surface coil after the imaging sequence 
to optimize the position of the coil over the heart. The 
image slice going through the center of the left ventricle 
was chosen for determination of the spectroscopy pa- 
rameters. Using this image, a nominal rectilinear voxel 
was chosen to overlie the left ventricular apex, septum 
and lateral wall, but exclude chest wall skeletal muscle 
(Figure 1). Using a Gordon-Timms arrangement, the 
magnetic field was then “shimmed” to an average line 
width of 55 Hz for water protons. 

Spectroscopic imaging: Spectra were acquired using 
a 3-dimensional spectroscopic imaging sequence.!! This 
technique, which has also been termed chemical shift 
imaging, uses 3 phase-encoding gradients in the X, Y 
and Z dimensions to define an array of voxels in the 
sensitive volume of the surface coil. These gradients are 
applied following a radio frequency pulse. The free in- 
duction decay is acquired immediately after these gradi- 
ents, and the total data set is therefore spatially en- 

coded. Advantages of this technique over single voxel 
techniques are that an entire array of voxels is acquired 
over the sensitive volume of the surface coil and voxels 





TABLE I Characteristics of Patients by Group 


Wall 
Age Thickness 


Diagnosis 


Dilated cardiomyopathy 


LVH (mild) 
SH, AR 
SH 
SH, NIDDM 
SH 
AS 


AR = aortic insufficiency; AS = aortic stenosis; EF = ejection fraction; ESRD = end- 
stage renal disease; ETOH = alcoholic cardiomyopathy; H = hypertrophy; IDC = 
idiopathic dilated cardiomyopathy; LVEDD = left ventricular end-diastolic dimension; 
MR = chronic mitral regurgitation; NIDDM = noninsulin-dependent diabetes mellitus; 
SH = systemic hypertension. 


can be reconstructed after data acquisition at any posi- 
tion desired. 

After selection of the nominal voxel size and location 
from the NMR image, the pulse length from the sur- 
face coil was calibrated for a 90° pulse at the center of 
the nominal voxel. Spectral data were acquired at end- 
systole using electrocardiographic gating at the peak of 
the T wave. The repetition time was determined by the 
patient’s heart rate, with the spectrometer usually trig- 
gered on every other beat. To acquire data over the sen- 





FIGURE 1. A transverse proton magnetic resonance image 
used for localization before spectroscopic imaging. The 35 cc 
voxel in this patient with dilated cardiomyopathy is indicated 
by the white rectangle and is located over the left ventricular 
apex and septum. The standards used for pulse length deter- 
mination are located at the center of the surface coil on the 
anterior chest wall. lv = left ventricle; rv = right ventricle; 
std = standard. 
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sitive volume of the surface coil, a total of 144 phase 
encoding steps (6 in the X dimension, 4 in the Y dimen- 
sion and 6 in the Z dimension) and 6 to 10 averages 
were used per study. There was a 2.4 ms delay after the 
90° pulse before acquisition of the signal. 

Spectra were reconstructed from the selected voxel 
over the left ventricle using a linear predictor algo- 
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rithm.!! This algorithm reconstructs the data points 
missing from the free induction decay because of the 
delay in data acquisition due to the gradients. The free 
induction decay from the voxel was then processed us- 
ing NMRI software (Syracuse University) operating on 
a Sun workstation (Sun Microsystems, Inc.) using an 
exponential multiplication of 15 Hz for resolution en- 


FIGURE 2. Phosphorus-31 spectra from a 


resonance in this spectrum, 
from chamber blood in the voxel. ppm = 
parts per million. 
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hancement, and, if required, further baseline straighten- 
ing with a fifth order polynomial fit. 

The processed spectra were then fit with Gaussian 
line shapes and their areas determined using the NMR1 
software. From these areas, the ratios of phosphocrea- 
tine to adenosine triphosphate, phosphodiester to phos- 
phocreatine, phosphodiester to adenosine triphosphate 
and phosphomonoester to phosphocreatine were calcu- 
lated to determine if differences existed in basal metab- 
olite concentrations. Ratios were used to minimize the 
inherent variability in the measurement of each metabo- 
lite between patient studies caused by differences in pa- 
tient anatomy, NMR acquisition parameters and coil 
positioning. To minimize potential biases in spectral 
analysis, all spectra were processed in the same manner 


FIGURE 3. The ratio of phosphocreatine 
to adenosine triphosphate (PCr/ATP) for 
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ber of patients in each group. DCM = pa- 

tients with dilated cardiomyopathy; 

ohh = patients with severe left ventric- 
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FIGURE 4. The ratio of phosphodiester to | (> 
phosphocreatine (PDE/PCr) for the normal Q. 
and patients. This ratio was ui 
greater for the patients with dilated car- O 
diomyopathy. *p <0.05 compared to nor- Q. 


mal subjects and other patients. + p 
<0.05 compared to normal subjects. 
Abbreviations as in Figure 3. 


using automated routines and without operator knowl- 
edge of the patient diagnosis. 

Representative spectra from a normal subject and a 
patient with dilated cardiomyopathy are shown in Fig- 
ure 2. These spectra show the usual resonances of aden- 
osine triphosphate, phosphocreatine, phosphodiesters 
and phosphomonoesters, but differ from previous spec- 
tra obtained using single voxel localization techniques.? 
The most notable difference between spectra acquired 
using spectroscopic imaging and single voxel techniques 
is the absence of a broad component in the region of 
phosphocreatine in the spectroscopic imaging spectra. 
This component is reduced due to the 2.4 ms delay in 
signal acquisition after the phase-encoding gradients 
and produces spectra that have lower fitted areas of 
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phosphocreatine and, hence, lower phosphocreatine to 
adenosine triphosphate ratios than previously report- 
ed.7-9 

Data analysis: Data were analyzed using Statview 
512+ software (Brain Power, Inc.) operating on a Mac- 
Intosh SE microcomputer (Apple Computer Inc.). Pa- 
tient characteristics, acquisition parameters and spectral 
data were then compared between control subjects and 
each patient group using analysis of variance. Pearson’s 
r was calculated using a linear regression analysis. A p 
value <0.05 was considered significant. 


RESULTS 

The mean acquisition time for the patient studies 
was slightly, but not significantly, shorter for the patient 
studies compared to the control subjects (24.8 + 1.9 vs 
29.3 + 2.5 min, mean + standard error of the mean), 
primarily due to a faster heart rate in the patients with 
mild left ventricular hypertrophy. There was no differ- 
ence in acquisition parameters between patient groups. 
The mean nominal voxel volume used for spectral ac- 
quisition was 41 + 5 cc in control subjects versus 54 + 5 
cc in patients (difference not significant). Previous anal- 
yses have shown that the myocardium comprises ap- 
proximately 57% of the voxel volume.’ Therefore, the 
mean volumes of myocardial tissue examined in each 
group were 24 and 30 cm’, respectively. 

The results of the spectral analyses are given in Fig- 
ures 3, 4 and 5. The ratio of phosphocreatine to the beta 
resonance of adenosine triphosphate was not significant- 
ly different between the control subjects and any patient 
group (control = 0.89 + 0.08, patients = 0.77 + 0.06) 
(Figure 3). The mean phosphocreatine to adenosine tri- 
phosphate ratio among the patient groups was not sta- 
tistically different (dilated cardiomyopathy = 0.70 + 
0.12, severe left ventricular hypertrophy = 0.80 + 0.12, 
mild left ventricular hypertrophy = 0.78 + 0.07). Inor- 
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ganic phosphate could not be resolved from the reso- 
nance of 2,3 diphosphoglycerate of the red cells in 
chamber blood. Hence, the ratio of phosphocreatine to 
inorganic phosphate, noted to be abnormal in animal 
and human studies of myocardial ischemia,!? could not 
be determined in these spectra. 

The phosphodiester resonance was elevated (20.5) 
in all patients with dilated cardiomyopathy, resulting in 
significantly elevated phosphodiester to phosphocreatine 
(1.28 + 0.35 vs 0.33 + 0.08) and phosphodiester to 
adenosine triphosphate (0.79 + 0.18 vs 0.29 + 0.08) 
ratios in this group when compared to normal subjects 
(Figures 4 and 5). Although not statistically significant, 
patients with severe left ventricular hypertrophy had a 
41% higher mean phosphodiester to phosphocreatine 
(0.56 + 0.21) ratio than control subjects. 

The phosphomonoester to phosphocreatine ratio was 
significantly elevated in 5 of 6 patients with dilated car- 
diomyopathy, resulting in an elevated mean value (2.68 
+ 0.91) compared to patients with either severe left 
ventricular hypertrophy (0.85 + 0.31), mild left ventric- 
ular hypertrophy (1.24 + 0.37) or normal subjects (0.97 
+ 0.13). The elevated phosphomonoester resonance, 
presumably from the 2,3 diphosphoglycerate of cham- 
ber blood, was likely due to the greater chamber dimen- 
sions and lower wall thickness of those patients with di- 
lated cardiomyopathy, although myocardial sugar phos- 
phates (such as glucose 6-phosphate) could theoretically 
have contributed to the phosphomonoester region. 


DISCUSSION 

There are 2 major results of this study. First, these 
data demonstrate that the ratio of phosphocreatine to 
adenosine triphosphate is not consistently altered under 
resting conditions in compensated patients with severe 
left ventricular hypertrophy or dilated cardiomyopathy. 
Second, patients with dilated cardiomyopathy have ele- 


FIGURE 5. The ratio of phosphodiester to 


adenosine triphosphate (PDE/ATP) for the 
normal subjects and patients. Similar to 
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vated phosphodiester concentrations, resulting in abnor- 
malities of the ratio of phosphodiester to phosphocrea- 
tine and phosphodiester to adenosine triphosphate. 

Abnormal high energy metabolism in cardiomyopa- 
- thies: Abnormalities in high energy phosphates have not 
been demonstrated in animal models of hypertrophy un- 
der basal conditions. Bittl et al!? studied perfused hearts 
from normal and hypertensive rats using phosphorus-31 
NMR spectroscopy. In 18-month-old hypertensive rats 
with myocardial hypertrophy, baseline concentrations of 
phosphocreatine and adenosine triphosphate were nor- 
mal while creatine kinase flux was reduced. Studies 
of myocardial metabolism in perfused hypertrophied 
hearts have also shown normal concentrations of high 
energy phosphates.!^!^ 

In contrast, decreased myocardial high energy phos- 
phate concentrations have been observed in animal 
models of heart failure after pressure overloading of the 
left and right ventricles.*^ These studies demonstrated a 
significant reduction in phosphocreatine, but not adeno- 
sine triphosphate, as the heart hypertrophied and then 
failed. Perfused heart studies of a Syrian hamster model 
of cardiomyopathy! also demonstrated abnormalities in 
baseline high energy phosphates. In a canine model of 
congestive heart failure induced by chronic tachycardia, 
Coleman et al!’ noted significant reductions in both 
phosphocreatine and adenosine triphosphate, as well as 
a 6% reduction in phosphocreatine to adenosine triphos- 
phate when compared to control animals. Swain et al 
also found reduced concentrations of high energy phos- 
phates in subendocardial interoperative biopsy samples 
obtained from patients with left ventricular hypertro- 
phy. Finally, a correlation between adenosine triphos- 
phate content and markers of left ventricular systolic 
and diastolic function was demonstrated in endomyo- 
cardial biopsies in humans (most with idiopathic dilated 
cardiomyopathy);!5 however, phosphocreatine content 
was not determined in this study. 

Abnormalities in high energy phosphates have also 
been detected in humans using phosphorus-31 NMR 
spectroscopy. Whitman et al!? found a low phospho- 
creatine to inorganic phosphate ratio in the heart of an 
8-month-old child with a congenital cardiomyopathy. 
This ratio improved from 1.0 to 1.8 with administration 
of intravenous glucose or oral ingestion of a high glu- 
cose-medium chain triglyceride meal. The phosphocrea- 
tine to adenosine triphosphate ratio was normal, and a 
prominent phosphodiester peak was not seen. Six pa- 
tients with hypertrophic cardiomyopathy were exam- 
ined by Rajagopalan et al? using the phase-modulated 
rotating frame technique. A depressed phosphocreatine 
to adenosine triphosphate ratio was observed in 1 pa- 
tient with congestive heart failure and severe right ven- 
tricular hypertrophy, while elevated phosphodiester res- 
onances were observed in 2 patients with severe hyper- 
trophy. 

Thus, previous animal and human studies indicate 
that, in general, phosphocreatine and adenosine triphos- 
phate concentrations are normal in hypertrophy, but are 
abnormal in some cardiomyopathies. These findings 


could be explained by cellular abnormalities seen in di- 
lated cardiomyopathies. In addition, reduced coronary 
flow and increased wall stress could create a condition 
of relative ischemia due to an imbalance in oxygen sup- 
ply and demand?! One mechanism by which ischemia 
affects high energy phosphate metabolism is by increas- 
ing adenosine diphosphate, which shifts the creatine ki- 
nase reaction to the right and causes a decrease in phos- 
phocreatine concentration. Unless the ischemia is se- 
vere, the concentration of adenosine triphosphate is 
usually maintained and the ratio of phosphocreatine to 
adenosine triphosphate is reduced. 

The data from the present study are consistent with 
this formulation. Since all patients were hemodynami- 
cally compensated, and without clinical evidence of 
myocardial ischemia, normal concentrations of high en- 
ergy phosphates would be expected under resting condi- 
tions. The slightly lower concentration of phosphocrea- 
tine relative to adenosine triphosphate in patients with 
dilated cardiomyopathy may indicate impaired adeno- 
sine triphosphate production in these patients. 

As noted earlier, the elevated phosphomonoester res- 
onance observed in the patients with dilated cardiomy- 
opathy was presumably due to the signal from chamber 
blood 2,3 diphosphoglycerate. Another explanation for 
this finding is that increased glycolytic activity in the 
patients with cardiomyopathies could increase the level 
of myocardial sugar phosphates such as glucose 6-phos- 
phate. While their basal concentrations of approximate- 
ly 0.1 mmolar are too small to be detected using this 
NMR technique, it is possible, although unlikely, that 
their concentrations could increase to an extent that 
they elevate the phosphomonoester resonance. 

Abnormal phospholipid metabolism in cardiomyop- 
athies: The major phospholipids in the myocardium are 
phosphatidylcholine, phosphatidylethanolamine, phos- 
phatidylinositol, sphingomyelin and cardiolipin.” The 
products of phospholipid catabolism include the dies- 
ters, glycerophosphorylcholine and glycerophosphoryl- 
ethanolamine, and it is these 2 compounds that presum- 
ably comprise the bulk of the phosphodiester resonance 
observed in human heart spectra.? 

One potential mechanism for the myocardial cell 
damage seen in cardiomyopathies is indirect membrane 
damage resulting from incorporation of viral compo- 
nents into the cardiac sarcolemma, where they serve as 
antigens to direct host responses against the cell.?^^ In 
addition, ischemia, if present due to unfavorable oxygen 
demand/supply imbalance, may further damage cells 
by the enzymatic actions of lipases that hydrolyze mem- 
brane phospholipids.?? These actions could increase the 
concentration of the breakdown products glycerophos- 
phorylcholine and glycerophosphorylethanolamine. 

While previous investigations have noted damage to 
cellular membranes in ischemic heart disease,?6 abnor- 
malities in phospholipid metabolism in cardiomyopa- 
thies have not been well documented. Studies to date 
have been limited to animal models of cardiomyopathy 
induced by adriamycin?’ and isoproterenol.?* Adriamy- 
cin, when administered to rats over 4 days, increases the 
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lipid peroxide level and phospholipase activity in myo- 
cytes.’ Isoproterenol, which causes a cardiomyopathy 
secondary to the increased energy demands on the 
heart, may also have direct effects on membranes. 
Twenty-four hours of isoproterenol administration de- 
creased myocardial phospholipid content in rats,?5 while 
myocardial free fatty acid content increased concomi- 
tantly, suggesting hydrolysis of phosphatidylcholine and 
phosphatidylethanolamine. While glycerophosphoryl- 
choline and glycerophosphorylethanolamine were not 
measured in these studies, it is plausible that these prod- 
ucts increased with hydrolysis of their parent com- 
pounds. 

Recently, in a preliminary report, Auffermann et 
al demonstrated elevations of phosphodiesters in pa- 
tients with dilated cardiomyopathies that appeared to be 
related to the degree of wall stress in the left ventricle. 
However, these studies were performed using 1-dimen- 
sional, rather than 3-dimensional phase encoding, which 
may have allowed spectral contamination from the sig- 
nal arising from skeletal muscle in the chest wall. 

In contrast to reductions in total phospholipids found 
in some cardiomyopathies, phospholipids composition, 
but not total phospholipid content, was altered in an an- 
imal model of ventricular hypertrophy without failure.?? 
In this study, the myocardial content of phosphatidyl- 
choline, sphingomyelin and phosphatidylinositol was el- 
evated after 21 days of aortic constriction in rats, with 
similar findings noted in cats with pulmonary artery 
banding. 

The results of the present study are consistent with 
these previous reports. Patients with dilated cardiomy- 
opathies had elevated levels of phosphodiesters, presum- 
ably from the hydrolysis of phosphatidylcholine and 
phosphatidylethanolamine and reflecting myocyte mem- 
brane damage. These patients also had an increase in 
the ratio of phosphomonoesters to phosphocreatine, pre- 
sumably from increased chamber blood in the signal. 
The patients with left ventricular hypertrophy, in con- 
trast, did not exhibit consistent abnormalities in phos- 
phodiester content despite instances of severe wall thick- 
ening. 

Limitations: The data from these examinations must 
be interpreted knowing the limitations of the technique 
used to obtain the phosphorus-31 spectra. These spectra 
were acquired under partially saturated conditions using 
repetition times «5 times the spin-lattice relaxation 
time of the phosphate compounds. Under these condi- 
tions, changes in the relaxation time of compounds in 
the different study groups could alter the apparent rela- 
tive concentrations of the compounds measured. While 
it was not possible to measure the relaxation times of 
various species in the patient groups, it is unlikely that 
there were changes of sufficient magnitude to create the 
abnormalities seen. 

The relatively large sample volume necessitated by 
this technique may also have decreased the sensitivity 
to real changes in the myocardium. Since the voxel 
spanned the entire thickness of the myocardial wall, any 
differences between subendocardium and subepicar- 
dium would not have been detected. In addition, the in- 
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clusion of a large amount of chamber blood in the sam- 
ple volume precludes the measurement of inorganic 
phosphate, a potentially sensitive marker of abnormal 
high energy metabolism. The greater inclusion of cham- 
ber blood signal in the spectra of those patients with 
dilated cardiomyopathies (manifest as a significantly 
higher phosphomonoester to phosphocreatine ratio) 
may have also artificially elevated the area of the phos- 
phodiester peak in those patients. However, the NMRI 
area fitting routine can, theoretically, compensate for 
overlapping resonances. Furthermore, the patients with 
severe left ventricular hypertrophy, who had a higher 
phosphodiester to phosphocreatine ratio than normal 
subjects, had the lowest phosphomonoester to phospho- 
creatine ratio of any group, thus making an elevated 
phosphodiester peak less likely to be due to an elevated 
phosphomonoester resonance. 

Implications: The absence of significant alterations 
in phosphocreatine to adenosine triphosphate in these 
patients with severe global myocardial disease under- 
scores the need for further investigation of human car- 
diac energy metabolism. Change in high energy phos- 
phates in these patients may be observed in larger 
groups of patients stratified by etiology and severity of 
illness. Abnormalities may also be observed in these pa- 
tients, as well as in patients with coronary artery dis- 
ease, under conditions of exercise or pharmacologic 
stress. The ability to do so will require advances in the 
technical aspects of phosphorus-31 NMR spectroscopy. 
Since the ratio of phosphocreatine to inorganic phos- 
phate is probably more sensitive to pathologic states 
than the ratio of phosphocreatine to adenosine triphos- 
phate, these advances must include the ability to mea- 
sure myocardial inorganic phosphate accurately. Prog- 
ress toward this goal will be heightened with the imple- 
mentation of higher field systems that allow smaller 
voxels to be studied in the times currently used. 
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FROM THE EDITOR 


Editorial Board Meeting of The American Journal 
of Cardiology —March 1990 


Journal of Cardiology (AJC) this year was held in 

New Orleans, Louisiana, on March 20 at the time 
of the Annual Scientific Sessions of the American Col- 
lege of Cardiology. The major purposes of the meeting 
were to say "thanks" to the 148 board members for their 
enormous help during the previous year, to pay particular 
tribute to those board members reviewing the most 
manuscripts during 1989, to summarize AJC publication 
figures during 1989, and to receive input from board 
members through their questions and comments. 

(1) Introduction of new board members: Fifteen phy- 
sicians (Table I) were added to the board beginning Janu- 
ary 1990, and they were introduced. New board members 
are selected entirely on their record as nonboard review- 
ers for the AJC. It is easy to select the new members. The 
card files of the 1,300 or so nonboard AJC reviewers are 
reviewed and the 15 or 20 with the best reviewing records 
are selected. Many other nonboard reviewers are deserv- 
ing of board status, but all obviously cannot be chosen. It 
is hoped that the most deserving, however, will eventually 
become board members. 

The task of eliminating about 1096 of the board mem- 
bers each year is getting progressively more difficult be- 
cause most board members do a superb job. The card file 
of each board member is reviewed after the end of the 


2g heannual editorial board meeting of The American 


TABLE I New AJC Board Members Beginning in January 
1990 


1. David G. Benditt 

2. William E. Boden 

3. Kanu Chatterjee 

4. Gregory J. Dehmer 
5. James S. Forrester 
6. Gary S. Francis 


7. Jerome L. Fleg 

8. W. Bruce Fye 

9. Sidney Goldstein 
10. David R. Holmes, Jr. 
11. Richard E. Kerber 
12. Eric L. Michelson 
13. Natesa Pandian 
14. Nanette K. Wenger 
15. Salim Yusuf 





calendar year; those members with 
the largest numbers of reviews re- 
turned late or manuscripts re- 
turned without review are deleted. | 
Thus, each AJC board member 
determines his or her longevity on 
the AJC editorial board. 

(2) Numbers of manuscripts E 
received for review by each AJC 
board member in 1989: A total of 
1,740 manuscripts were submitted 
to the AJC in 1989, a 13% increase 
compared to the 1,525 submitted in 1988. The numbers 
and types of manuscripts sent (9596 actually reviewed) to 
the 4 types of specialists on the board are summarized in 
Table II. The 148 board members were sent 812 manu- 
scripts to review, an average of 5.5 per member: 751 
(95%) were reviewed on time (3 weeks from the mailing 
date to receiving date from the Bethesda, Maryland, edi- 
torial office); 22 manuscripts (3%) were not reviewed 
within this time period, and 39 manuscripts (5%) were 
returned without review. As shown in Table II, the 112 
adult cardiologists reviewed the most manuscripts (a 
mean of 6.0), and the 13 cardiac surgeons reviewed the 
least (a mean of 2.1). The numbers of manuscripts actu- 
ally reviewed by the board members are summarized in 
Figure 1. 

(3) AJC board members reviewing the most manu- 
scripts in 1989: The 14 top reviewers in 1989 are listed in 
Table III. Drs. Joel Morganroth and David Spodick were 
tops. Tables IV to VI list board members reviewing 9, 8 
and 7 manuscripts, respectively, during 1989. 

(4) Numbers of pages and articles and types of arti- 
cles published in the AJC in 1989 and comparison to 
Circulation and The Journal of the American College of 
Cardiology (JACC): These numbers are summarized in 
Table VII. The AJC published 2,922 pages in 1988. Few- 
er pages but more articles were published in the AJC in 
1989 than in either Circulation or JACC. The AJC pub- 
lished 699 articles in 1989, a 9% increase compared to the 
636 published in 1988. The shorter average length of 
articles in the AJC (4.15 pages) than in Circulation (8.55 
pages) or JACC (6.60 pages) and the slightly greater 


TABLE II Numbers and Types of Manuscripts Sent to AJC Board Members in 1989 According to Specialty of Board Member 


No. on No. MSS Sent No. 
Specialty Board (No. / Reviewer) LR 


Adult cardiologist 112 
Pediatric cardiologist 


676 (6.0) 
93 (4.9) 
27 (2.1) 
16 (4.0) 


Cardiac surgeon 

Radiologist or 
pathologist 
Total 812(5.5) 


BR = brief report; CR = case report; LR = long report; MSS = manuscripts. 
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No. No. (%) Reviews 


No. (%) Reviews 
on Time Late 


No. (%) MSS Returned 
Without Review 


624 (92%) 20 (3%) 32 (5%) 
89 (96%) 1 (196) 3 (376) 
24 (89%) 1 (4%) 2 (796) 
14 (8876) O 2 (1295) 

751 (92%) 


22 (3%) 39 (576) 

















E 


content per page of articles in the AJC made this possible. 
Table VII also displays other differences among these 3 
USA cardiology journals. No experimental articles 
(those involving nonhuman animals) were published in 


- the AJC (except for a few in the Brief Reports section) 


whereas 59 (11% of articles) were published in JACC and 
98 (26% of articles) in Circulation. A unique feature of 
the AJC is the large number of Brief Reports published 
(187 [2796 of articles]) whereas neither of the other 2 
journals publish brief reports. Over a third of the Brief 
Reports published were originally submitted as full- 
length manuscripts. The AJC published 68 Case Reports 
(1096 of articles) in 1989; all had 1 to 3 case descriptions. 
Relatively few editorials were published in the AJC in 
1989 (32 [4.5% of articles]) compared to Circulation (61 
[16% of articles]) and JACC (163 [31% of articles]). The 
percentages of full-length articles on the various types of 
heart diseases varied slightly among the 3 journals. The 
AJC published more on systemic hypertension than did 
the other 2 journals combined (26 [4%] vs 6 [1%] vs 8 
[2%]), and fewer articles on congenital heart disease than 
JACC (22 vs 38) but more than Circulation (6 articles). 
All articles published in either JACC or Circulation were 
categorized as if they had been submitted to the AJC. 

(5) Symposia published in the AJC in 1989: The AJC 
published 20 symposia in 1989, one more than in 1988, 
and they are listed in Table VIII along with their guest 
editors and sponsors. A total of 232 articles occupying 
1,240 pages were published in the 20 symposia. 

(6) Developments affecting the AJC since the last 
editorial board meeting (March 1989): In 1989, the reg- 
ular issues of the AJC appeared every 2 weeks except 
during the months of August and December when they 
appeared only once. In 1990, the regular issues will ap- 
pear twice a month for all 12 months, rather than for just 
10 months. 

The section of the journal previously called Letters 
was changed in January 1990 to Readers’ Comments. 
Nearly all published “letters” are responses to articles 
published in the AJC and the name change is intended to 
reflect this fact. Additionally, letters (to the editor) are 
actually intended to be comments to the readers so that 
*letters" is not an accurate description. Finally, authors 
of “letters” to be published tend to write them on their 
own stationery, single spaced and without titles, and the 
name change may help in having Readers’ Comments 
prepared in a form similar to that of other manuscripts. It 
is nearly impossible to edit a single spaced “letter” or any 
other single-spaced manuscript. 

(7) Evaluation of the usefulness of the AJC: Deter- 
mining the usefulness of a publication is more difficult 
than counting the numbers of pages or types of articles 
published. Of course, the numbers of paid subscribers is 
an important index. The number of paid subscribers of 
the AJC is approximately 22,000. In addition to this 
number the publisher sends out several thousand copies 
on a rotational basis to potential new subscribers. 

Another possible means of evaluating the usefulness 
of a journal is to examine the number of its articles 
reviewed in annual or monthly review books or journals. 
A monthly controlled circulation journal called Cardiolo- 


No. 
No. Reviewed 
MSS on 
Reviewed LR BR CR Time 


1. Joel Morganroth 

1. David H. Spodick 

3. Abdulmassih S. Iskandrian 
4. Richard O. Cannon, Ill 
4. Robert L. Feldman 

4. Lowell W. Perry 

4. Eric J. Topol 

8. Bernard R. Chaitman 
8. Pamela S. Douglas 

8. Julius M. Gardin 

8. Leonard N. Horowitz 
8. Jeffrey M. Isner 

8. Spencer B. King, Ill 

8. Robert A. Kloner 
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FIGURE 1. Number of manuscripts reviewed by AJC board 
members in 1989. 
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No. 
No. Reviewed 
MSS on 
Reviewed LR BR CR Time 


1. Peter F. Cohn 

2. Robert F. DeBusk 

3. Frank A. Finnerty, Jr. 
4. Kenneth M. Kent 

5. Arthur J. Moss 

6. Carl J. Pepine 

7. Nathaniel Reichek 


Abbreviations as in Table ll. 


TABLE V Reviewers of Eight Manuscripts for the AJC in 


No. 
No. Reviewed 
MSS on 
Reviewed LR BR CR Time 


1. Jeffrey Anderson 

2. George A. Beller 

3. Michael H. Crawford 
4. Pablo Denes 

5. William H. Gaasch 

6. Eugene R. Passamani 
7. Nelson B. Schiller 


Abbreviations as in Table Il. 


gy Board Review and edited by Dr. Peter F. Cohn con- 
tains 5 to 12 articles monthly and each is a condensed 
version of an article originally published in a peer-re- 
viewed journal. Table IX summarizes the journals con- 
taining the original articles from which the condensed 
articles were derived in 1989. As in 1986, 1987 and 1988, 
the AJC was the source of the most articles. 

(8) Request for more high quality editorials: I think 
that it would be useful to increase the number of editori- 
als and editorial reviews published in the AJC. The edito- 
rial's length should be determined by the complexity of 
the message delivered. One-point editorials should be 
short, and multiple-point ones longer. 

(9) Reminder to authors to supply several names of 
nonlocal, nonbiased reviewers for their manuscripts: Edi- 
tors have no monopoly on choosing the best reviewers of 
manuscripts. No one should be more knowledgeable of 
experts in the subject of a manuscript than the authors of 
the manuscript. Thus, I urge authors to supply names— 
preferably 5 and when they are nonboard members their 
addresses also—of nonbiased, nonlocal potential review- 
ers of their manuscripts. It is necessary for an author to 
supply several names because almost certainly some of 
the potential reviewers will already have a manuscript for 
review and a second manuscript is not sent to a reviewer 
who already possesses one, unless the second manuscript 
is a brief report or a case report. Presently, in only about 
20% of manuscripts submitted have authors provided 
names of potential reviewers. After studying for several 
years reviews by reviewers suggested by authors, I am 
impressed that in general they are of higher quality than 
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TABLE VI Reviewers of Seven Manuscripts for the AJC in 
1989 


No. 
No. Reviewed 
MSS on 
Reviewed LR Time 


1. Robert O. Bonow 
2. George A. Diamond 
3. Myrvin H. Ellestad 
4. Carl V. Leier 
5. Joseph Lindsay, Jr. 
6. Fred Morady 
7. Robert J. Myerburg 
8. Bertram Pitt 
9. Philip J. Podrid 
10. Melvin M. Scheinman 
11. Barry L. Zaret 
12. Warren G. Guntheroth 
13. Howard P. Gutgesell 
14. Grace S. Wolff 


Abbreviations as in Table Il. 


those selected by the AJC’s editor or associate editors, 
and that the author-chosen reviewers are not more favor- 
able to a manuscript than are editor-selected reviewers. 
Indeed, many manuscripts have been reviewed by 1 au- 
thor-selected reviewer and by 1 editor-selected reviewer 
and the author-selected reviewer recommended rejection 
and the editor-selected reviewer recommended accep- 
tance of the manuscript. 

(10) Effectiveness of the policy of blind reviews of all 
manuscripts: During the past 8 years authors requesting 
a blind review of their manuscripts have had their wishes 
honored. The blind review has been accomplished by the 
authors providing a separate title page containing the 
manuscript's title without the names of authors or their 
institution. The title page containing the authors’ and 
institution's names of course was not submitted to the 
reviewer. During these past 7 years this author-requested 
optional blind review process has been used relatively 
infrequently (probably about 10% of submitted manu- 
scripts) and then almost entirely by authors from less 
well-known medical centers. On September 1, 1989, a 
new policy was instituted, and that was to send all manu- 
scripts for blind review, and that policy has been in effect 
to the present. I have received only 1 letter from a board 
member commenting on the blind review policy for all 
manuscripts and 2 paragraphs from that letter are the 
following: 

“This is the first manuscript that I have received 
where I was asked to do a blinded review. I would 
like to express my personal objection at being asked 
to do this. On the one hand a blinded review could 
be construed to insure fairness in the review pro- 
cess. On the other hand, a number of groups do 
poor quality work which is written up quite nicely 
and which time after time fails to stand the test of 
time and is refuted by most other reputable groups. 

If I receive a manuscript with an enthusiastic en- 

dorsement of some new antiarrhythmic drug or 

device, I would place much more emphasis on that 
report if it came from a laboratory which had over 


DONNNONNN ON OO ^4 ^4 
= a O O'O HOO OO Om OO 
OOOoOooocococo-o0ooQ0 
NN N N NS NS NS NS SN NN NN OY 


7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 




















of the American College of Cardiology and Circulation in 1989 











3,356 

















No. of pages 


TABLE VII Number of Pages and Types of Articles Published in the Regular Issues of The American Journal of Cardiology, Journal 


American Journal 
of Cardiology 







Journal of the 
American College 
of Cardiology 


3,818 


Circulation 


3,824 



































* Includes 42 abstracts of the cardiology section of a pediatric society. 
t Includes items related to The American College of Cardiology. 


Research, Hypertension, Arteriosclerosis and Japan Heart Journal. 


the years presented well-balanced pictures in all of 
their publications. On the other hand, my review 
would be influenced somewhat if it came from a 
laboratory that was always enthusiastic about ev- 
ery single compound or device to come along and 
which had close relationships with industry that 
might result in this ongoing string of glowing re- 
ports of new therapies. 

*While there may be certain inherent biases in 
my review in this regard, I try to be as objective as 
possible about each individual review and the above 
factors only play a minor role in my final decision. 
In general, I think each manuscript should stand on 
its own merit. However, if I am on the fence about 
whether or not a manuscript should be accepted or 
rejected, knowledge of the quality of work from the 
laboratory from which it is submitted would defi- 
nitely influence my decision one way or the other. 
Finally, in these days where there is so much poten- 
tial for conflict of interest due to various financial 
and other relationships between authors and the 
subjects about which they are publishing, knowl- 
edge of the individual investigators is extremely 
important. Not that this should in any way influ- 
ence whether the manuscript is published, but it 
would permit the reviewer to point out potential 
conflicts of interest to the editor and be certain that 
the authors have disclosed them to the editor." 
The concept of reviewing all submitted manuscripts 

blindly was discussed by several board members. Several 





For articles (mean / month) [pages /article] 2,903 (242) [4.15] 3,471 (289) [6.60] 3,274 (273) [8.55] 
For letters (number) [number with replies] 19 (36) [7] 25 (25) [15] 18 (16) [8] 

For staff, editorial board 22 28 24 

For contents in brief 77 28 39 

For contents with abstracts 230 122 96 

For boxed abstracts (for card files) O 0 117 

For information for authors 24 28 24 

For volume indexes 75 63 51 

For miscellaneous 14% 53! 181* 

No. of articles (mean / month) 699 (58) 526 (44) 383 (32) 
Coronary artery disease 172 (24.6%) 100 (19.095) 76 (19.895) 
Arrhythmias and conduction defects 70 (10.096) 52 (9.9%) 25 (6.596) 
Systemic hypertension 26 (3.796) 6 (1.196) 8 (2.1956) 
Congestive heart failure 19 (2.796) 11 (2.196) 15 (3.9%) 
Valvular heart disease 22 (3.196) 32 (6.1%) 17 (4.495) 
Cardiomyopathy 9 (1.396) 22 (4.2%) 11 (2.9%) 
Congenital heart disease 22 (3.196) 38 (7.2%) 6 (1.6%) 
Methods 14 (2.096) 14 (2.795) 6 (1.695) 
Experimental studies 0 59 (11.296) 98 (25.6%) 
Historical studies 3 (0.496) 4 (0.895) 0 
Miscellaneous 55 (7.9%) 15(2.9%) 59 (15.4%) 
Brief reports 187 (26.8%) 0 0 
Case reports 68 (9.7%) 9 (1.796) 0 
Editorials and editorial reviews 22 (3.1%) 163 (31.0%) 61 (15.9%) 
From the editor 10(1.4%) 0 1 (0.3%) 


+ For American Heart Association News, Meetings Calendar, list of names of nonboard reviewers of manuscripts submitted to Circulation and table of contents of Circulation 


board members commented that they were able to identi- 
fy the authors and their institutions readily from the 
authors’ references to their own institutions in the manu- 
scripts, or from the mention of the name of their institu- 
tion in the text of the manuscript. Authors’ names fre- 
quently are left on the backs of figures and tables. Thus, 
although the manuscript-review process is intended to be 
blinded, authors of the manuscripts actually often pre- 
vent a blind review process. After considerable discussion 
a vote was taken. It appeared that about one-half of the 
editorial board members present favored the blind review 
policy for all manuscripts, and that the other one-half 
were against it. 

Discussed briefly were mechanisms by which data 
could be obtained comparing reviewer comments and 
recommendations of the same manuscript reviewed 
blindly by one reviewer and in a nonblinded fashion by 
the other reviewer. The problem here, of course, is that 
the same reviewer cannot review the same manuscript in 
both a blinded and in a nonblinded fashion. It would be 
easy, however, to send the same manuscript for a blinded 
review to one reviewer and for a nonblinded review to the 
other reviewer and simply add up the recommendations 
(definitely accept, probably accept, definitely reject, 
probably reject) for a large number of manuscripts of 
those reviewed blindly compared to those reviewed non- 
blindly. This policy will be instituted on April 1, 1990, for 
at least several months. 

Questions on other subjects from board members fol- 
lowed: 
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1989 
Date of 


Publication Guest Editor(s) 


Subject of Symposium 


Phosphodiesterase inhibitors 

Systemic hypertension (triam- 
terene /hydrochlorothiazide) 

Acute hypertension (urapidil) 


January 3 
January 17 


Antoon Amery 
Hugo Van Aken 


February 2 


Congestive heart failure (enalapril) 
Myocardial ischemia 


February 21 


March 7 Chuichi Kawai 


Dirk L. Brutsaert 


John Ross, Jr. 
October 1 
April 18 
May 2 


Technologic equipment 
Magnesium deficiency (MgCl) 
Cardiovascular disease in 

the elderly 
Systemic hypertension (labetalol) 


David P. Lauler 


June 5 
J. David Wallin 


Alberto Zanchetti 
Stanley H. Taylor 


June 20 Angina pectoris and congestive 
heart failure (nicorandil) 

Thrombolysis in myocardial 
infarction (Eminase) [APSAC] 

Myocardial infarction 


George E. Burch Festschrift 


Kazuzo Kato 
July 5 


July 18 
August 2 
Gary E. Sander 


August 15 Urapidil 


September5 Cardiovascular imaging 
Gerald L. Wolf 
September 19 
October 3 
October 17 
November 7 


Nifedipine 
Lipids 
Nicardipine 
Amiodipine 


Edmund H. Sonnenblick 
Norman K. Hollenberg 


William W. Parmley 


Thomas C. Cesario 


William H. Frishman 


Jeffrey L. Anderson 
William C. Roberts 
Thomas D. Giles 
Pieter A. van Zwieten 
Carl L. Tommaso 
William H. Frishman 
John T. Gwynne 


William W. Parmley 
Arnold Schwartz 


Interval 
(months) 
Symposium 
to Publication 


Number 
Pages for 
Articles 


Number 
Articles 


Winthrop 
Lederle 


ByK Gulden 


Merck, Sharp & Dohme 
Otsuka 


Joseph C. Greenfield Jr. — 


GD Searle 
Warner-Lambert 


Key 


Rhóne Poulenc Sante 
and Chugai 
Beecham 


DuPont 

Musser-Burch Society, 
Department of Medicine 
Tulane University 

ByK Gulden Lomberg 
GmbH 

Winthrop 


Pfizer 
Merrell Dow 
Syntex 
Pfizer 


Pieter A. van Zwieten 


December 5 Arrhythmia treatment A. John Camm 


Yoshio Watanabe 


Kazuo Yamada 


(1) How often is a third review requested on a manu- 
script that has received 1 accept recommendation and 1 
reject recommendation? Probably 2096 of the time. If I 
feel comfortable with the subject of the manuscript, I 
make a decision after 2 reviews despite the opposite rec- 
ommendations by the 2 reviewers. Often also a reviewer 
might recommend rejection of a manuscript but the re- 
viewers' comments and criticisms are such that the rec- 
ommendation could just as easily have been accept. Also, 
when 1 reviewer is extremely favorable toward a manu- 
script, the extremely positive review often neutralizes the 
negative review. The status of the 2 reviewers also is 
helpful. When 1 reviewer is a senior well-respected inves- 
tigator and the other reviewer is a young beginning inves- 
tigator, these factors are taken into consideration. Youn- 
ger reviewers in general tend to be more critical I believe 
than the older reviewers. The 2 views often provide a nice 
balance. Thus, in general, I try not to seek a third review, 
because it means that the review process starts all over 
again and the decision on disposition of the manuscript is 
delayed. When a third review is requested I send the 
reviews of the first 2 reviewers to the third reviewer so 
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Roussel and Chugai 





that he or she better understands the issue of the particu- 
lar manuscript at hand. Numerical data on the frequency 
of a third review will be recorded beginning April 1, 1990. 

Recently, in a few manuscripts receiving strongly op- 
posing recommendations (definitely accept from 1 re- 
viewer and definitely reject from the other reviewer), I 
have returned the manuscript immediately to the review- 
er (before returning it to the authors) who recommended 
definitely reject with the review of the reviewer who had 
recommended definitely accept requesting that the re- 
viewer point out to me the incorrect judgments of the 
favorable reviewer. This process has not been carried out 
yet in sufficient numbers of manuscripts to form a judg- 
ment on this process. 

(2) Should one reviewer of a manuscript be provided 
with the name of the other reviewer of the same manu- 
script? At present, each reviewer of a manuscript sent to 
the AJC is provided the review of the other reviewer. The 
other reviewer's name, however, is camouflaged so that it 
is rarely discernible. The consensus was that the names of 
the 2 reviewers should not be revealed to each other. 
Thus, the present system of name concealment will re- 














main. The exception, as mentioned earlier, is when a third 
review is sought and then the names of the first 2 review- 
ers are disclosed to the third reviewer. 

(3) Are any manuscripts accepted without review? 


|^. The answer depends on whether or not the editor is con- 


sidered a reviewer. If the editor is considered a reviewer, 
the answer is no. If the editor is not considered a reviewer, 
the answer is yes. Although most are sent for outside 
review, some editorials that are accepted are not sent out 
for review. An occasional case report or brief report is 
accepted after review by the editor only. Many case re- 
ports are declined without outside review. Nearly all Brief 
Reports and all long reports are sent to 2 reviewers. An 
occasional manuscript is returned from 1 reviewer with- 
out review, and if the review by the other reviewer ap- 
pears to be a particularly good one, a decision on that 
manuscript is made without seeking a second review. 
(4) If a manuscript is declined by another journal, 
can the reviews provided by that journal be submitted 
with the manuscript if it is then submitted to the AJC? 
Yes. This policy was instituted in January 1985 and 3 
paragraphs from that piece were as follows!: 





TABLE IX Sources of Articles in Cardiology Board Review in 
1989 


Journal 


No. (%) 


American Journal of Cardiology 
Journal of the American College of Cardiology 
American Heart Journal 
Circulation 
American Journal of Medicine 
Archives of Internal Medicine 
Annals of Internal Medicine 
New England Journal of Medicine 
British Heart Journal 
Total 


23 (27.1) 
18 (21.1) 
13 (15.3) 
13(15.3) 
6 (7.1) 
5 (5.9) 
3(3.5) 
3 (3.5) 
1 (1.2) 
85 (100) 


This procedure might allow the AJC editor to make 
a rapid accept or reject decision on the manuscript, 
or it might allow him to send the manuscript for 
reexamination to only 1 reviewer rather than 2.... 

“I would welcome a thorough evaluation of this 
time-saving process and I will do my best not to be 
offended because the manuscript had not been sent 
initially to the AJC. I also urge other editors of 


"An unfortunate principle of the peer-review 
process is that the best manuscripts receive the 
fewest reviews and the worst manuscripts receive 
the most reviews. The best manuscripts are usually 
accepted by the first journal to which they are sent. 
Therefore, they receive 1 to 3 reviews, depending on 
the policy of the particular journal; the manuscript 
usually is revised to varying degrees, and then ac- 
cepted. The process for the less-than-superb or the 
inferior manuscript is not so rapid. The first journal 
to which the manuscript is sent may acquire 2 re- 
views for it, and when neither reviewer recom- 
mends acceptance and the editor agrees, the manu- 
script with the reviews is returned to the submitting 
author. Then the latter usually submits the manu- 
script to another journal, ideally after having re- 
vised the manuscript as suggested by the reviewers 
from the first submission. The editor of the journal 
receiving the previously rejected manuscript then 
sends it to 2 more reviewers—on occasion, to one 
who happened to have reviewed the manuscript for 
the first journal. These reviewers in turn often also 
provide unfavorable recommendations for the man- 
uscript for the first journal. The editor then returns 
the rejected manuscript to the authors, who in turn 
send it to another journal with or without additional 
revisions. The duplication process continues. 

“To prevent this depletion of reviewers’ energies 
and also to prevent further publication delay, I sug- 
gest to authors who submit a manuscript rejected 
by another journal to the AJC that the authors 
enclose copies of all reviews from the previous jour- 
nal, a copy of the original manuscript, 3 copies of 
the revised manuscript, and a response to all items 
raised by all reviewers from the previous journal. In 
other words, the response to the reviews from the 
previous journal should be identical to the response 
given reviews had they been sent from the AJC. 


cardiovascular journals to adopt the same proce- 
dure, because all 4 major USA cardiovascular jour- 
nals essentially use the same pool of reviewers. The 
concept needs full testing so that the energies for 
reviewing will be conserved and those energies ex- 
pended will be utilized more effectively and effi- 
ciently." 

This process has been in effect now for 5 years, and I 
believe that it has been useful. Occasionally, authors who 
submit their manuscript with previous reviews do not 
send the manuscript as it appeared when it had been 
initially submitted. We then call the authors and request 
that they send the “unrevised” manuscript, and we learn 
that the authors made no revisions of their manuscript 
before it was sent to the AJC despite 2 or more reviews 
from the journal to which it had been submitted earlier. 
When I learn that authors made no effort to revise or 
respond to the reviews received from the journal to which 
it had been submitted previously, I usually return the 
manuscript to the authors. Nearly all of our manuscripts 
can be improved when we take into consideration the 
views of reviewers, and not to do so is an insult to the 
review process and a sign of a lack of desire for excellence 
on the part of authors. I believe that we have received 
some first-class manuscripts by this procedure. 

(5) How often do authors provide suggestions for 
reviewers of their submitted manuscripts? Although we 
have not kept records, I estimate that about 2096 of au- 
thors provide names of potential reviewers. I would like to 
see this percent over 75%. I am convinced that scholarly 
authors can identify reviewers of their manuscripts better 
than can editors. I do not know how to substantiate this 
view. 

(6) Dr. William Ganz questioned the policy of the 
lack of experimental (nonhuman) type articles in the 
AJC, suggesting that this policy might diminish the 
prestige of the AJC, particularly in the eyes of young 
investigators. This issue is an important one. The decision 
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to eliminate publication of experimental studies (except 
in the Brief Report section of the journal) was made in 
1986, at the time when the number of pages published in 
the journal was dramatically reduced. The reduction ac- 
tually was short-lived (1 year) due to a change in owner- 
ship, but subsequently the numbers of manuscripts re- 
ceived has increased far in excess of the numbers of pages 
available. (In 1989 we received 1,740 manuscripts; in 
1982 the number was 1,100, and in 1982 we published 
300 more pages than in 1989.) Because experimental 
manuscripts are usually the longest of any submitted, it is 
simply not possible to keep the lag time (interval from 
acceptance of a manuscript to its publication) short, and 
accept experimental manuscripts. I am convinced that 
our having the shortest lag time of any peer-reviewed 
cardiology journal in the world (4 months) encourages 
authors to send us manuscripts that might otherwise be 
sent to another journal. We publish manuscripts in a 
shorter time period than are abstracts published at the 
annual scientific sessions of either The American Heart 
Association or The College of Cardiology. Additionally, 
several readership surveys have indicated that the experi- 
mental articles are usually the least read portions of the 
journal. And our subscribers are paid ones independent of 
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any society. Until the number of pages published in the 
AJC increases substantially I believe it best for the jour- 
nal to remain a purely clinical one. 

(9) How many paid subscribers to the AJC are in 
non-USA countries? The publisher indicated that this . 
number was approximately 4,000. The non-USA pool of 
potential subscribers, of course, is a large one, and mecha- 
nisms to increase this number are presently being dis- 
cussed. 

The board members were thanked for coming and the 
meeting was adjourned to a reception provided by the 
publisher. The editor welcomes comments from readers 
on any item(s) (or others) discussed herein. 


AU a. C E x 


William Clifford Roberts, MD 
Editor in Chief 


1. Roberts WC. A suggestion to lighten the load of manuscript reviewing. Am J 
Cardiol 1985;55:247. 
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HDL 
mg/dL 


What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 





A powertul 
case for 


IKOYP/TID) 


gemfibrozil) sins 


Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL)? 


Raised HDL levels 1/2 to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population^ 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type IIb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 
coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. / Clin Invest. 
1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Münster 
Trial. Zürich: Panscientia Verlag; 1986:8-9. 3. Data on file, Medical Affairs Dept, Parke-Davis 

4. Tikkanen MJ, Helve E, Jaattela A, et al. Comparison between lovastatin and gemfibrozil in the 
treatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am J Cardiol. 
1988;62:35]-43]. 


Please see last page of this advertisement for warnings, 
contraindications, and brief summary of prescribing information. © 1989 Warner-Lambert Company 
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f INTRAINDICATI: INS. 1. Hepatic or severe renal dysfunction, including primary 

- biliary cirrhosis. 

|. 2.Preexisting gallbladder disease (See WARNINGS). 

-3 Hypersensitivity to gemfibrozil. 

-— WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 

— .— tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
— . studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 

—— with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
AM jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
~ .. developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 

~ . ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
bo. onary heart disease were treated with clofibrate for five years and followed one year 

—— beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
- treated than in a comparable placebo-treated control group. The excess mortality was 
-— . dueto a 33% increase in noncardiovascular causes, including malignancy, post- 

- . cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
—— Subjects for gallbladder disease was confirmed. 

- . During the Helsinki Heart Study and in the 12 year follow-up period since the trial 

—— was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 

the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p- 0.056). 

-  Inthe Helsinki Heart Study, the incidence of total malignancies discovered during the 

trial and in the 1V2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
- .. different between Lopid and placebo sub- 
|... groups. Follow-up of the Helsinki Heart 

-.. Study participants will provide further infor- 
..... mation on cause-specific mortality and 
|... cancer morbidity. 

— — 2. gallstone prevalence substudy of 450 
— A Helsinki Heart Study participants showed a 
... trend toward a greater prevalence of gall- 

-— stones during the study within the Lopid 
— —. treatment group (7.5% vs 4.9% for the place- 

— bo group, a 55% excess for the gemfibrozil 
-. group). A trend toward a greater incidence 

—— Of gallbladder surgery was observed for the 
= Lopid group (17 vs 11 subjects, a 54% ex- 
= cess). This result did not differ statistically 

-.. from the increased incidence of cholecystectomy observed in the WHO study in the 

_ group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 

... excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 

- . studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

—— . 3. Since a reduction of mortality from coronary artery disease has not been 

—— demonstrated and because liver and interstitial cell testicular tumors were increased in 

rats, Lopid should be administered only to those patients described in the INDICATIONS 

AN AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 

——  . be discontinued. 

. 4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 

are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 

Frequent prothrombin determinations are advisable until it has been definitely determined 

that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
- . rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
—- . alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
= Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
—. medical evaluation for myositis, including serum creatine kinase level determination. If 
? S myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

— — & Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 

. Of male rats treated with gemfibrozil at 10 times the human dose. 

EE x . PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 

——  thatthe lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 

—— . tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 

-— —. in obese patients, and control of any medical problems such as diabetes mellitus and 

— .. hypothyroidism that are contributing to the lipid abnormalities. 

-— 2. Continued Therapy — Periodic determination of serum lipids should be obtained, 

-— andthe drug withdrawn if lipid response is inadequate after 3 months of therapy. 

-  — . 3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 

— .. gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 

— — Combined therapy or after several months. In most subjects who have had an unsatisfac- 

= . tory lipid response to either drug alone, the possible benefit of combined therapy with 

— lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 

-—— . domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 

= Creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

~ . A (B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 

- LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 

^ i -. COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 

^ . THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 

—.—— PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 

— DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

= 4 Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
= have been conducted in rats and mice at one and ten times the human dose. The inci- 

-. .. dence of benign liver nodules and liver carcinomas was significantly increased in high 

= dose male rats. The incidence of liver carcinomas increased also in low dose males, 
.. butthis increase was not statistically significant (p=0.1). In high dose female rats, there 
Si a was a significant increase in the combined incidence of benign, and malignant liver 


= 


. neoplasms. In male and female mice, there were no statistically significant differences 
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Male rats had a dose-r cant increase of benign Leydig cell 


tumors at 1 and 10 times the human dose. | MÀ ce iy 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome ~ 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- — . 
pared before and after treatment in the same individual. : 

Administration of approximately three or ten times the human dose to male rats for 10 wees” 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this — 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human  - 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. l 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are — - 
usually reversible when Lopid is discon- lis 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for upto 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebi al hemorrhage. ’ 

From other studies it seems probable that Lopid is causally related to the occurrence E 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Prognostic Significance of Mitral Regurgitation in 
Acute Myocardial Infarction 

Benico Barzilai, Vicki G. Davis, Peter H. Stone, Allan S. Jaffe, 
and the MILIS Study Group 


To define the frequency, natural history and clinical correlates 
of the murmur of mitral regurgitation detected after myocardi- 
al infarction, we analyzed the clinical data from 849 patients 
with documented acute myocardial infarction. A murmur sug- 
gestive of MR was present on admission in 76 patients (9%), 
and these patients were older and more apt to be female and 
nonwhite. Patients with MR on admission had a 36% mortality 
compared to 16% for those who developed MR later in the 
hospitalization and 15% for those without MR by auscultation. 
Correction for differences in baseline variables indicated that 
the presence of MR on admission did not contribute indepen- 
dently to mortality. Thus, the murmur of MR derives its prog- 
nostic significance from integration of multiple clinical, radio- 
graphic and electrocardiographic characteristics. 
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Reverse Redistribution of Thallium-201 Detected by 
SPECT Imaging After Dipyridamole in Angina Pectoris 
Jeffrey J. Popma, Thomas C. Smitherman, Brandy S. Walker, 
Theodore R. Simon, and Gregory J. Dehmer 


To determine the diagnostic importance of reverse distribution 
after intravenous dipyridamole, thallium-201 single photon 
emission computed tomography and quantitative coronary an- 
giography were performed in 90 men with angina pectoris. Of 
the 250 myocardial segments analyzed, reverse redistribution 
was present in 17 (790). Data indicate that the presence of 
reverse redistribution detected by thallium-201 SPECT imag- 
ing after dipyridamole is uncommon in a general population of 
patients with angina pectoris and does not indicate the pres- 
ence of severe coronary artery disease. 
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Comparison of Automated Quantitative Coronary 
Angiography with Caliper Measurements of Percent 
Diameter Stenosis 

Steven J. Kalbfleisch, Mark J. McGillem, Ibraim M.F. Pinto, 
Kevin M. Kavanaugh, Scott F. DeBoe, and G.B. John Mancini 


One hundred fifty-five coronary artery lesions were quantitat- 
ed with respect to percent stenosis using a previously validated 
quantitative coronary angiography program and 2 hand-held 
caliper methods. Our results show that state of the art quanti- 
tative digital angiography has much better reproducibility than 
the 2 caliper methods, and that the latter methods are not an 
adequate substitute for quantitative coronary angiography. 
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1185 
Relation of Amiodarone Hepatic and 


P. Timothy Pollak, Arjun D. Sharma, and 
S. George Carruthers 


Hepatic enzymes, pulmonary function, serum amiodarone and 
desethylamiodarone concentrations and erythrocyte superox- 
ide dismutase activity were monitored at regular intervals for 1 
year in 30 patients receiving amiodarone. Elevated baseline 
alanine transaminase may indicate increased risk for hepato- 
toxicity while a progressive decrease in erythrocyte superoxide 
dismutase may be an early indication of pulmonary toxicity. 
The latter finding indicates a need to investigate the role of 
free radicals in the pathogenesis of amiodarone pulmonary 
toxicity. 


1192 

Effect of Empiric Antiarrhythmic Therapy in 
Resuscitated Out-of-Hospital Cardiac Arrest Victims 
with Coronary Artery Disease 

Ali R. Moosvi, Sidney Goldstein, Sharon VanderBrug 
Medendorp, J. Richard Landis, Robert A. Wolfe, Richard 
Leighton, George Ritter, C. Mark Vasu, and Allyn Acheson 


The effect of empiric antiarrhythmic therapy with quinidine 

and procainamide on long-term mortality was examined in re- 
suscitated patients with coronary artery disease. Our observa- 

tions suggest that empiric antiarrhythmic therapy with quini- s 
dine and procainamide did not affect total mortality and was 
associated with increased frequency of sudden death. 
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A New Pacing Method for Rapid Regularization and 
Rate Control in Atrial Fibrillation 

Chu-Pak Lau, Wing-Hung Leung, Cheuk-Kit Wong, 

Yau-Ting Tai, and Chun-Ho Cheng 


Regularly inserted right ventricular paced beats after every 
conducted beat in atrial fibrillation was studied. This pacing 
method improved the regularity, pulse rate control and cardiac 
hemodynamics during AF in the 15 patients studied. 
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Left Ventricular Systolic Response to Exercise in 

Patients With Systemic Without Left 
Ventricular y 

Timothy F. Christian, Alan R. Zinsmeister, Todd D. Miller, "Ns 


lan P. Clements, and Raymond J. Gibbons 


W 


^T. 


Exercise radionuclide angiography was performed on 58 hy- 
pertensive and 309 normotensive patients at low risk for coro- 
nary disease to assess left ventricular systolic response. There 
were no differences in exercise duration, peak exercise ejection 
fraction, change in ejection fraction from rest or change in 
ventricular volumes between patients with hypertension and 
normotensive patients. In the absence of LV hypertrophy, hy- 
pertension does not influence LV response to exercise. 


CONGESTIVE HEART FAILURE 
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Acute Reduction of Atrial Overload During Vasodilator 
and Diuretic Therapy in Advanced Congestive Heart 
Failure 

Michele A. Hamilton, Lynne W. Stevenson, John S. Child, 
Jaime D. Moriguchi, and Mary Woo 


In 30 patients undergoing treatment for congestive heart fail- 
ure, we used 2-dimensional and Doppler echocardiography and 
color flow imaging to determine changes in atrial volumes, 
regurgitation, ejection fraction and indexes of left ventricular 
contractility. Hemodynamic improvement was associated with 
a reduction in atrial volumes and atrioventricular valve regur- 
gitation, and thus we suggest the use of echocardiography for 
the follow-up hemodynamic and therapeutic assessment of pa- 
tients with CHF. 


VALVULAR HEART DISEASE 
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Changes in Left Ventricular Systolic Performance 
Immediately After Percutaneous Aortic Balloon 
Valvuloplasty 

David H. Harpole, Charles J. Davidson, Thomas N. Skelton, 
Katherine B. Kisslo, Robert H. Jones, and 

Thomas M. Bashore 


To evaluate the acute changes in left ventricular performance 
before and immediately after percutaneous aortic valvuloplas- 
ty, 25 patients underwent first-pass radionuclide angiocardiog- 


. raphy for construction of pressure-volume loops. This study 


documents variable and complex changes in the measurement 
of cardiac function after aortic valvuloplasty. A decrease in the 
amount of LV outflow obstruction with maintenance of the 
cardiac output at a decreased level of LV filling occurs. 
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Effect of Aortic Valve Replacement for Aortic Stenosis 
on Severity of Mitral Regurgitati 

Paul A. Tunick, Aaron Gindea, and Itzhak Kronzon 


The severity of mitral regurgitation was determined by Dopp- 
ler echocardiography in 44 patients before and after aortic 
valve replacement for severe aortic stenosis. MR decreased in 
60%. Furthermore, MR decreased in 92% of those with moder- 
ate or severe MR preoperatively. 
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The Natural and “Unnatural” History of Congenitally 
Corrected Transposition 

Ulla Lundstrom, Catherine Bull, Richard K.H. Wyse, and 
Jane Somerville 





We reviewed the course of 111 patients with corrected transpo- 
sition and 2 adequate ventricles managed over a 20-year peri- 
od. Those symptomatic from heart failure associated with a 
ventricular septal defect or tricuspid regurgitation, or both, did 
less well pre-, peri- and postoperatively than those symptomat- 
ic from a low pulmonary blood flow. 


1230 

Two-Dimensional and Doppler Echocardiographic and 
Pathologic Characteristics of the Infantile Marfan 
Syndrome 

Tal Geva, Stephen P. Sanders, Maria S. Diogenes, 

Sol Rockenmacher, and Richard Van Praagh 


We report the clinical, echocardiographic and pathologic char- 
acteristics of infantile Marfan syndrome in 9 infants and re- 
view the findings of 86 other reported cases. The mean age at 
diagnosis in our patients was 2.7 months. The characteristic 
features of infantile Marfan syndrome are distinctly different 
from the classic syndrome seen in adolescents and adults. In 
infants, most cases are sporadic; severe musculoskeletal in- 
volvement was found in all; early ocular involvement was docu- 
mented in 6 of 9; the typical pattern of cardiovascular abnor- 
malities is characterized by mitral and tricuspid valve prolapse 
and regurgitation, prominent progressive aortic root, and often 
pulmonary root dilatation and congestive heart failure due to 
atrioventricular valve regurgitation. Lastly, a poor prognosis is 
associated with congestive heart failure (4476 mortality rate 
during infancy). Infantile Marfan syndrome is the most severe 
form of this disorder and is highly lethal. 
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Pericardial Effusion After Cardiac Surgery in Children 
and Effects of Aspirin for Prevention 

Marie J. Béland, Marc Paquet, James E. Gibbons, 

Christo |. Tchervenkov, and Anthony R.C. Dobell 


We prospectively studied 74 children echocardiographically in 
the first month after cardiac surgery and found a 65% cumula- 
tive incidence of pericardial effusion. We propose a new grad- 
ing system for pericardial effusions, with grade 4 effusions 
more likely to be associated with a clinically significant 
outcome. 
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Effects of Exercise Testing, Training and Beta 
Blockade on Serum Potassium in Normal Subjects 
Gerald F. Fletcher, Barbara J. Fletcher, and 

Mary Ellen Sweeney 


To evaluate the effects of exercise testing, training and 6 
blockade on serum potassium, 40 normal subjects (24 men, 16 
women, mean age 33 years) had 4 maximal exercise tests with 
venipuncture for serum potassium measurements before and 
<40 seconds after each test. After initial exercise testing, they 
were randomized to atenolol 50 mg daily, atenolol 100 mg 
daily, propranolol 80 mg twice daily or placebo. Data indicate 
that hyperkalemia with maximal exercise testing increases af- 
ter training with atenolol and propranolol compared to placebo 
and that this effect resolves once treatment is discontinued. 
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A Simplified Normalized Ejection Phase Index 
Measured by Doppler Echocardiography for the 
Assessment of Left Ventricular Pe 

Karl Isaaz, Gerard Ethevenot, Philippe Admant, 
Beatrice Brembilla, and Claude Pernot 


We investigated the value of peak aortic blood velocity normal- 
ized by the left ventricular to aortic cross-sectional areas' ratio 
in the assessment of LV performance, using Doppler echocar- 
diography in 25 patients undergoing catheterization. This 
study provides a simple and reliable index of global LV perfor- 
mance easily measurable by Doppler echocardiography. 
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Steady-State Interaction Between Amiodarone and 


Phenytoin in Normal Subjects 
Paul E. Nolan, Jr., Brian L. Erstad, Gifford L. Hoyer, 
Marla Bliss, Kathleen Gear, and Frank |. Marcus 


We evaluated the effects of amiodarone on the steady-state 
pharmacokinetics of phenytoin in healthy men. The changes 
we found in the pharmacokinetics of phenytoin during con- 
comitant amiodarone treatment could possibly precipitate ad- 
verse effects in patients. All changes in phenytoin dosage regi- 
mens should be guided by monitoring both serum phenytoin 
concentrations and the patient's clinical status. 
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Arthur Mazzu | 
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Ultrasound Detection of Arterial Dissection 

and Intimal Flaps 

Natesa G. Pandian, Andreas Kreis, Barbara Brockway, 

Alex Sacharoff, and Richard Caro 


1280. — en ee 
Detection of Intraarterial Thrombus by Intravascular 
High Frequency Two-Dimensional Ultrasound Imaging 
In Vitro and In Vivo Studies 

Natesa G. Pandian, Andreas Kreis, and Barbara Brockway 
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Combined Use of Transesophageal Echocardiography 
and Endocardial Mapping to Localize the Site of Origin 
of Ectopic Atrial Tachycardia 

G. Neal Kay, William L. Holman, and Navin C. Nanda 


INSTRUCTIONS TO AUTHORS on page 1258 


CLASSIFIED ADVERTISING on pages A62, A68 





BALANCED 
CARDIODYNAMICS 


Cardizem decreases 
peripheral resistance and 
myocardial work load" 
— SO patients can do more 


Cardizem has little 
or no effect on myocardial 
=. contractile force“ 

— with virtually no clinically 
significant negative inotropic 
effect in patients with 

normal LV funcfion~”” 


*C auton shouid be used in patients with CHF. 

tTCARDIZEM” (diltiazem HCI) is indicated in the treatment of angina 
pectoris due to coronary artery spasm and in the management of 
Chronic stable angiħña (classic effort-associated angina) in patients who 
cannot tolerate therapy with beta-blockers and/or nitrates or who remain 
symptomatic despite adequate doses of these agents. 





OTECTION AND SAFETY 


Cardizem increases 
coronary blood flow" 
— giving patients more 
pain-free days”” 


Cardizem often 
achieves desirable 
reductions in heart rate’ ” 
— without slowing patients down 


BALANCED CARDIODYNAMICS 
ARE WHAT MAKE CARDIZEM, 


TABLETS 


diltiazem HCI/Marion so ma tc 


Please see brief summary of prescribing information on next page. 


CAZXA658 3 0507R9 








BRIEF SUMMARY 


CARDIZEM“ 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pace- 
maker, (2) patients with second- or third-degree AV block except in 
the presence of a functioning ventricular pacemaker, (3) patients 
with hypotension (less than 90 mm Hg systolic), (4) patients who 
have demonstrated hypersensitivity to the drug, and (5) patients 
with acute myocardial infarction and pulmonary congestion docu- 
mented by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly in 
patients with sick sinus syndrome) or second- or third-degree 
AV block (six of 1,243 patients for 0.48%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's an- 
gina developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemody- 
namic studies in humans with normal ventricular function have 
not shown a reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in pa- 
tients with impaired ventricular function is very limited. Caution 
Should be exercised when using the drug in such patients 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. In rare instances, significant elevations in 
enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and 
other phenomena consistent with acute hepatic injury have 
been noted. These reactions have been reversible upon discon- 
tinuation of drug therapy. The relationship to CARDIZEM is 
uncertain in most cases, but probable in some. (See 
PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. As 
with any drug given over prolonged periods, laboratory parameters 
should be monitored at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. In 
subacute and chronic dog and rat studies designed to produce 
toxicity, high doses of diltiazem were associated with hepatic dam- 
age. In special subacute hepatic studies, oral doses of 125 mg/kg 
and higher in rats were associated with histological changes in the 
liver which were reversible when the drug was discontinued. In 
dogs, doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with continued 
dosing. 

Dermatological events (see ADVERSE REACTIONS section) may 
be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema mul- 
tiforme and/or exfoliative dermatitis have also been infrequently 
reported. Should a dermatologic reaction persist, the drug should 
be discontinued. 

Drug Interaction. Due to the potential for additive effects, caution 
and careful titration are warranted in patients receiving CARDIZEM 
concomitantly with any agents known to affect cardiac contractility 
and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive effects 
in prolonging AV conduction when using beta-blockers or digitalis 
concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating pa- 
tients with multiple medications. CARDIZEM undergoes biotrans- 
formation by cytochrome P-450 mixed function oxidase 
Coadministration of CARDIZEM with other agents which follow the 
same route of biotransformation may result in the competitive 


CARDIZEM ,.... 


diltiazem HCl/Marion 





120 mg 


60 mg 90 mg 


inhibition of metabolism. Dosages of similarly metabolized drugs, 
particularly those of low therapeutic ratio or in patients with renal 
and/or hepatic impairment, may require adjustment when starting 
or stopping concomitantly administered CARDIZEM to maintain 
optimum therapeutic blood levels 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers or 
digitalis is usually well tolerated. Available data are not sufficient, 
however, to predict the effects of concomitant treatment, particularly 
in patients with left ventricular dysfunction or cardiac conduction 
abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) concom- 
itantly with propranolol in five normal volunteers resulted in in- 
creased propranolol levels in all subjects and bioavailability of 
propranolol was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunction with propranolol, an 
adjustment in the propranolol dose may be warranted. (See 
WARNINGS ) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (5896) and 
area-under-the-curve (53%) after a 1 -week course of cimetidine at 
1,200 mg per day ond diltiazem 60 mg per day. Ranitidine pro- 
duced smaller, nonsignificant increases. The effect may be me- 
diated by cimetidine's known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem ther- 
apy should be carefully monitored for a change in pharmacological 
effect when initiating and discontinuing therapy with cimetidine. An 
adjustment in the diltiazem dose may be warranted 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid 
possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conducti- 
vity, and automaticity as well as the vascular dilation associated 
with anesthetics may be potentiated by calcium channel blockers 
When used concomitantly, anesthetics and calcium blockers 
should be titrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24- 
month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to 
cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at 
doses of 20 times the human dose or greater 





Usual maintenance dosage: 
180 to 360 mg/day 








MAKING THE DIFFERENCE IN ANGINA 


There are no well-controlled studies in pregnant women; there- 
fore, use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approximate 
serum levels. If use of CARDIZEM is deemed essential, an alterna- 
tive method of infant feeding should be instituted. 

Pediatric Use. Sofety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired ventric- 
ular function and cardiac conduction abnormalities have usually 
been excluded. 

In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater than 
that reported during placebo therapy. 

The following represent occurrences observed in clinical studies 
which can be at least reasonably associated with the pharmacol- 
ogy of calcium influx inhibition. In many cases, the relationship to 
CARDIZEM has not been established. The most common occur- 
rences as well as their frequency of presentation are: edema 
(2.4%), headache (2.1%), nousea (1.9%), dizziness (1.5%), 
rash (1.3%), asthenia (1.2%). In addition, the following events 
were reported infrequently (less than 1%): 

Cardiovascular: Angina, arrhythmia, AV block (first degree), AV 
block (second or third degree — see conduc- 
tion warning), bradycardia, congestive heart 
failure, flushing, hypotension, palpitations, 
syncope 

Nervous System: Amnesia, depression, gait abnormality, halluci- 
nations, insomnia, nervousness, paresthesia, 
personality change, somnolence, tinnitus, 
tremor 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 
dyspepsia, mild elevations of alkaline phos- 
phatase, SGOT, SGPT, and LDH (see hepatic 
warnings), vomiting, weight increase. 

Dermatologic: ^ Petechiae, pruritus, photosensitivity, urticaria. 

Other: Amblyopia, CPK elevation, dyspnea, epistaxis, 
eye irritation, hyperglycemia, nasal congestion, 
nocturia, osteoarticular pain, polyuria, sexual 
difficulties. 

The following postmarketing events have been reported infre- 
quently in patients receiving CARDIZEM: alopecia, gingival hyper- 
plasia, erythema multiforme, and leukopenia. However, a definitive 
cause and effect between these events and CARDIZEM therapy is yet 
to be established 
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Cut lipids 90% with 
PAM Cooking Spray 


PAM” cuts total fat PAM” is completely PAM? cuts calories by 





by up to 90% cholesterol and up to 90% 

A dollop of conventional sodium free PAM? spray delivered cooking 

cooking fat or oil can add Like many polyunsaturated oil adds 7 calories per serving, a 

more than ten times as margarines and cooking major improvement over solid 

much total fat as a palatable ^ oils, PAM? is completely or liquid fats in helping your 

spray-serving of PAM. cholesterol and sodium free. patients meet the dietary guide- 
lines prescribed by the AHA to 


reduce cardiovascular risk. 


Nutritional | Totalfat | Saturated | Cholesterol | Sodium | Calories 
contents per (gm) | fat(gm) | (mg) | (mg) 
portion" | | | 


Salted 
Butter 


Salted 
Margarine 


Corn oil 


Canola oil 


*PAM = 1-1/4 second spray (0.8 g); all others, 1 tbsp 
£1988, Boyle-Midway, N.Y 
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Prognostic Significance of Mitral Regurgitation in Acute 
Myocardial Infarction 

Benico Barzilai, Vicki G. Davis, Peter H. Stone, Allan S. Jaffe, 
and the MILIS Study Group 


To define the frequency, natural history and clinical correlates of the 
murmur of mitral regurgitation (MR) detected after myocardial infarc- 
tion, we analyzed the clinical data from 849 patients with documented 
acute myocardial infarction. A murmur suggestive of MR was present on 
admission in 76 patients (9%). Patients with MR on admission were older 
and more apt to be female and nonwhite. They also had a significantly 
greater frequency of prior infarction and signs and symptoms of congestive 
heart failure. There was no difference in the location (anterior or inferior ) 
of infarction. Patients with MR on admission had a 36% mortality com- 
pared to 16% for those who developed MR later in the hospitalization and 
15% for those without MR by auscultation (p <0.001). Correction for 
differences in baseline variables indicated that the presence of MR on 
admission did not contribute independently to mortality. Thus, the mur- 
mur of MR derives its prognostic significance from integration of multiple 
clinical, radiographic and electrocardiographic characteristics. 
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Reverse Redistribution of Thallium-201 Detected by SPECT 


Imaging After Dipyridamole in Angina Pectoris 
Jeffrey J. Popma, Thomas C. Smitherman, Brandy S. Walker, 
Theodore R. Simon, and Gregory J. Dehmer 


To determine the diagnostic importance of reverse redistribution after 
intravenous dipyridamole, thallium-201 single photon emission computed 
tomography and quantitative coronary arteriography were performed in 
90 men with angina pectoris. Of the 250 myocardial segments analyzed, 
reverse redistribution was present in 17 (7%). Minimal coronary cross- 
sectional area in proximal vessel segments was <2.0 mm? more often in 
regions with transient perfusion abnormalities than in regions with reverse 
redistribution (66 vs 29%, p <0.05). Compared with regions exhibiting 
transient perfusion abnormalities, regions with reverse redistribution had 
larger proximal arterial diameters and cross-sectional areas. Coronary 
artery dimensions and relative stenosis severity did not differ between 
those regions with normal perfusion and those with reverse redistribution. 


Continued on page A18 
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INDERAL' LA brand of propranolo! hydrochloride (Long Acting Capsules) — 


CF W. INDERAL LA is formulated to provide a sustained release of propranolol 
_ hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 1 60 mg capsules. 


N oe PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor- 
+ blocking agent possessing no other autonomic nervous system activity It specifically com- 
` petes with beta-adrenergic receptor-stimulatin agonie for available receptor sites. When 
= access to beta-receptor sites is blocked by INDER , the chronotropic, inotropic, and vaso- 
- dile da responses to beta-adrenergic stimulation are decreased proportionately 

j 7 — INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HCl at a controlled and 


posee rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
— - and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
`- 24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
~~ the capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
-. of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
Eu eae resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 

hour period. blood levels are fairly constant for about twelve (12) hours then decline exponen- 


X tial NN" 
b^. i INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
eM ` propranolol and the blood levels achieved do not match (are lower than) those of two to four 
- — times daily dosing with the same dose. When changing to INDERAL LA from conventional 
. — propranoicl, a possible need for retitration upwards should be considered especially to main- 
-.— tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
+ hypertension or angina where there is little correlation between plasma levels and clinical 
set INDERAL LA has been therapeutically E Ws to the same mg dose of conventional 
as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
ses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
ctive beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
ent of hypertension; it may be used alone or used in combination with other antihypertensive 
ee petulant a thiazide diuretic. INDERAL LA is not indicated in the management of 
rtensive emergencies. 
ina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the 
term management of patients with angina pectoris. 
graine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 

The efficacy of propranolol in the treatment of a migraine attack that has started has not been 

ablished and propranolol is not indicated for such use. 

"s rophic Subaortic Stenosis: INDERAL LA is useful in the management of hyper- 

baortic stenosis, wan Ad treatment of exertional or other stress-induced 
ncope. 
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LONG ACTING CAPSULES 


Nsated and are receiving digitalis and 
PR pulp adnenbrgic blocking agents do not abolish the inotropic action of digitalis on 
cle. 


heart muscle. 
< IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
ilure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


a . atherosclerotic heart disease who are given propranolol for other indications. 


. . Nonaller mm (eg, chronic bronchitis, emphysema) — PATIENTS 

. WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT REDEIVE BETA 
OCKERS. INDERAL should be administered with caution since it may block bronchodilation 

y "ey iced avena enous and exogenous catecholamine stimulation of beta receptors. 

__ MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 

: por ney is Controversial. It should be noted, however, that the impaired ability of the 

t to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 


cal procedures. 

INDE RAL (propranolol HCI), like other beta blockers, is a POMPANIN inhibitor of beta-recep- 
r agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
Of isoproterenol. However, such patients may be subject to protracted severe hypotension. 
y D ide yis and maintaining the heartbeat has also been reported with beta blockers. 

- DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
ts if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
wpoglycemia, but other manifestations such as dizziness and sweating may not be 
jnifican y affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
| very of blood glucose to normal levels. 
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MENTS WITH WOLEF-PARKINSON.WHITE SYNDROME, several cases have been 
which, after propranolol, the tachycardia was replaced by a severe bradycardia 
emand pacemaker. In one case, this resulted after an initial dose of 5 mg 
lig URN SEN Cor i 
dade ION: . GENERAL: Propranolol should be used with caution in patients with im- 
ed hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 

pertensive emergencies. = , 
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CLINICAL LABORATORY ` SIS Bie (ated bloog pros IIRA ents with severe heart _ 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. — 
DRUG INTERACTIONS: Patients Scene te eee drugs such as reser- — 
pine should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of restin sympathetic 


nervous activity which may result in hypotension, marked 
attacks, or orthostatic hypotension. SAN ru ee Nd 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both ward bg $3 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- E 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, — 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. ena) 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. s 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 


levels of both drugs. ; 2 l 
Antipyrine and lidocaine have reduced clearance when used concomitantly with 
bopranopi: > l í 
hyroxine may result in a lower than expected T4 concentration when used concomitantly — 


with propranolol. ary : 
Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels : ’ e 
Theophylline clearance is reduced when used eer ie Sa at ropranolol. ds 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in — 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no — 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects — 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug. wer 
PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. — 
There are no adequate and well-controlled studies in pregnant women. INDERAL should be — 
used anne pregnancy only if the potential benefit justifies the potential risk to the fetus. 
NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised — 
when INDERAL is administered to a nursing woman. » 
PEDIATRIC USE: Safety and effectiveness in children have not been established. Pow 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely. 
required the withdrawal of therapy. 3 "A 
rdiovascular: Bradycardia, congestive heart failure; intensification of AV block; hypoten- 
Ron: eiae. of hands; thrombocytopenic purpura; arterial insufficiency, usually of the — 
aynaud type. ct 
Central Nervous System: Light-headedness; mental depression manifested by insomnia, ! 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term — 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related. V ste 
Gastrointestinal: Nausea, vomiting, 1e 
tric distress, abdominal cramping, diarrhea, — 
constipation, mesenteric arterial thrombosis, : 
ischemic colitis. ; 
Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- — 
ing and sore throat, laryngospasm and respira- - 
tory distress. 


60mg 80mg 120mg 160mg 


Respiratory: Bronchospasm. 

Hematologic: NADINE vasi. nonthrombocytopenic purpura, thrombocytopenic purpura. 
ete Liga n extremely rare instances, systemic lupus erythematosus has been — 
reported. IÍ. 
Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, - 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving _ 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not — 

been associated with propranolol. 


DOSAGE AND ADMINISTRATION. |NDERAL LA provides propranolol hydrochloride ina ~ 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic — 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for — 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may — 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. — 
HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg - 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be - 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances adosage of640  . 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. Xy | tot 
Starting with 80 mg INDERAL LA | 
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ANGINA PECTORIS — Dosage must be individualized. 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and - 
safety of dosage exceeding 320 mg per day have not been established. "UN 
bea km id is to be discontinued, reduce dosage gradually over a period of a few weeks (see 

MIGRAINE — Dosage must be individualized. The initial oral dose is B0 mg INDERALLA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA therapy should 
be oe Lala It may be advisable to withdraw the drug gradually over a period of several — — 
weeks. "n 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. ‘ied + 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. t. 

*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratories. EA 
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Treat Your Practice Like 
You Treat Your Patients 


Just as no one medication is right for every 
patient, no one stress test system is right for 
every physician. So why buy your system from 
a company that offers only one choice? 
Chances are you'll end up with more or less 
than you really need. 

Selection 

Quinton offers a choice of five ECG stress 
test monitors, numerous exercise devices, 
and pulmonary-exercise-test options. From 
the small office to large hospital, there's a 
system that's just right for you. 


No Compromise 

Don't settle for little more than a glorified 
ECG cart. On an “‘office-sized”’ budget, you 
can have the features and performance you'd 
expect from hospital-type stress test systems. 
All Quinton systems are feature-packed and 
state-of-the-art. 





The Right R, For Your Business — 
Quinton Stress Systems 





Ease of Operation 

Quinton stress test systems free you to 
concentrate on your patients. Even our top- 
of-the-line Q5000 System, with more 
diagnostic parameters and analysis capabilities 
than any other system on the market, is 
remarkably easy to use. 


Quality and Service 

You can rely on our 30 years of experience in 
this business. Every system we sell is backed 
by our field representatives, factory customer- 
support staff, and extensive service network. 


Entrust your business to the company that 
knows stress testing best. CALL US TOLL 
FREE for more information. 


2121 Terry Avenue; Seattle, WA 98121-2791 

Telex 3794094 QUINTON SEA; FAX 206/223-8465 

USA and Canada call toll free: 

Domestic Sales 800/426-0347; Canada Sales 800/633-2888 
INTERNATIONAL SALES 

Latin America and Asia-Pacific: Telephone 206/223 7373. FAX 206/467 832€ 
Europe/Lode B.V. Groningen, Netherlands: Telephone 31050 7:281! FAX 31 05i 71674t 
Middle East/Dubai, U.A.E.: Telephone 9714522285 FAX 971.4 523923 


Quinton 


instrument co. 
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Data indicate that the presence of reverse redistribution detected by thalli- 
um-201 single photon emission computed tomographic imaging after di- 
pyridamole is uncommon in a general population of patients with angina 
pectoris and does not indicate the presence of severe coronary artery 
disease. 


11813 5| - oe 0 21 Lu E eure ed eere 
Comparison of Automated Quantitative Coronary Angiography 
with Caliper Measurements of Percent Diameter Stenosis 
Steven J. Kalbfleisch, Mark J. McGillem, Ibraim M.F. Pinto, 

Kevin M. Kavanaugh, Scott F. DeBoe, and G.B. John Mancini 


Quantitation of coronary stenosis is an invaluable part of trials studying 
the effects of interventions on coronary lesions. Quantitative coronary 
angiography (QCA) performed using digital angiographic techniques and 
computer analysis gives a reproducible and accurate assessment of coro- 
nary dimensions. This study directly compared QCA with commonly used 
caliper measurements from the screen of a 35-mm cinefilm viewer (cine) 
and digitized angiograms displayed on a standard video screen (CRT). 
The caliper methods were found to underestimate QCA for stenosis 275% 
and overestimate stenosis «7596. QCA showed excellent reproducibility (r 
= 0.95), whereas neither caliper method did (cine: r = 0.63, CRT: r = 
0.73). The caliper method is not an adequate substitute for QCA and does 
not substantially overcome deficiencies of visual estimation of coronary 
disease. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 
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Relation of Amiodarone Hepatic and Pulmonary Toxicity to 
Serum Drug Concentrations and Superoxide Dismutase 
Activity 

P. Timothy Pollak, Arjun D. Sharma, and S. George Carruthers 


Hepatic enzymes, pulmonary function, serum amiodarone and desethyl- 
amiodarone (DEA) concentrations and erythrocyte superoxide dismutase 
(SOD) activity were monitored at regular intervals for 1 year in 30 
patients receiving amiodarone. Subclinical hepatotoxicity developed in 5 
patients. Subclinical pulmonary toxicity with a mean decrease in diffusing 
capacity to 0.7 + 0.05 of baseline, which correlated with decreasing 
erythrocyte SOD activity, developed in 6 patients with normal baseline 
carbon monoxide diffusing capacity. Hepatic and pulmonary injury ap- 
pear to be associated with exposure to higher serum concentrations of 
amiodarone and DEA. Patients in whom hepatic and/or pulmonary ab- 
normalities developed received higher doses of amiodarone (440 + 27 vs 
340 + 18 mg/day), but also had a higher amiodarone:DEA ratio suggest- 
ing that dose-dependent kinetics contributed to the higher concentrations. 
Elevated baseline alanine transaminase may indicate increased risk for 
hepatotoxicity while a progressive decrease in erythrocyte SOD may be an 
early indication of pulmonary toxicity. 


Continued on page A24 
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OF HYPERTENSIVE PATIENTS“ 


BRIEF SUMMARY 

Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 3rd- 
degree AV block (if no pacemaker is present), atrial flu:ter/fibrillation with an accessory bypass tract 
(eg, WPW or LGL syndromes), hypersensitivity to verapamil. 

Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection fraction 
< 3096) or moderate to severe symptoms of cardiac failure and in patients with any degree of 
ventricular dysfunction if they are receiving a beta-blocker. Control! milder heart failure with optimum 
digitalization and/or diuretics before Calan SR is used. Verapamil may occasionally produce hypotension. 
Elevations of liver enzymes have been reported. Several cases have been demonstrated to be produced 
by verapamil. Periodic monitoring of liver function in patients on verapamil is prudent. Some patients 
with paroxysmal and/or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or 
LGL syndromes) have developed an increased antegrade conduction across the accessory pathway 
bypassing the AV node, producing a very rapid ventricular response or ventricular fibrillation after 
receiving LV. verapamil (or digitalis). Because of this tisk, oral verapamil is contraindicated in such 
patients. AV block may occur (2nd- and 3rd-degree, 0.8%). Development of marked 1st-degree block 
or progression to 2nd- or 3rd-degree block requires reduction in dosage or, rarely, discontinuation and 


""'insytution of appropriate therapy. Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary 


edema and/or severe hypotension were seen in some critically ill patients with hypertrophic cardio- 
myopathy who were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic function (in 
severe dysfunction use about 30% of the normal dose) or impaired renal function, and patients should 
be monitored for abnormal prolongation of the PR interval or other signs of overdosage. Verapamil 
may decrease neuromuscular transmission in patients with Duchennes muscular dystrophy and may 


prolong recovery from the neuromuscular blocking agent vecuronium. It may be necessary to decrease 
ip verapamil dosage in patients with attenuated neuromuscular transmission. Combined therapy with 


beta-adrenergic blockers and verapamil may result in additive negative effects on heart rate, atrioven- 
tricular conduction and/or cardiac contractility; there have been reports of excessive bradycardia and 
AV block, including complete heart block. The risks of such combined therapy may outweigh the 
benefits. The combination should be used only with caution and close monitoring. Decreased 
metoprolol clearance may occur with combined use. Chronic verapamil treatment can increase serum 
digoxin levels by 5096 to 7596 during the first week of therapy, which can result in digitalis toxicity. In 
patients with hepatic cirrhosis, verapamil may reduce total body clearance and extrarenal clearance of 
digitoxin. The digoxin dose should be reduced when verapamil is given, and the patient carefully 
monitored. Verapamil will usually have an additive effect in patients receiving blood-pressure-lowering 
agents. Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration, Concomitant use of flecainide and verapamil may have additive effects on myocardial 
contractility, AV conduction, and repolarization. Combined verapamil and quinidine therapy in patients 
with hypertrophic cardiomyopathy should be avoided, since significant hypotension may result. 
Concomitant use of lithium and verapamil may result in a lowering of serum lithium levels or increased 
sensitivity to lithium. Patients receiving both drugs must be monitored carefully. Verapamil may increase 
carbamazepine concentrations during combined use. Rifampin may reduce verapamil bioavailability. 
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verapamil Ho] Cs 
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SUSTAINED-RELEASE CAPLETS 


THE 80% SOLUTION 


Phenobarbital may increase verapamil clearance. Verapamil may increase serum levels of cyclospor 
Concomitant use of inhalation anesthetics and calcium antagonists needs careful titration t id 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular blocking 
agents (curare-like and depolarizing); dosage reduction may be required. Adequate animal carcinoger 
icity studies have not been performed. One study in rats did not suggest a tumorigenic potential, and 
verapamil was not mutagenic in the Ames test. Pregnancy Category C. There are no adequate and 
well-controlled studies in pregnant women. This drug should be used during pregnancy, labor, and 
delivery only if clearly needed. Verapamil is excreted in breast milk; therefore, nursing should | 
discontinued during verapamil use. 

Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension (2.55 
headache (2.296), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), dyspnea (1.4 
bradycardia: HR < 50/min (1.4%), AV block: total 17,2*,3* (1.2%), 2° and 3° (0.8%), rash (1.2%) 
flushing (0.6%), elevated liver enzymes. The following reactions, reported in 1.0% or less of patients 
occurred under conditions where a causal relationship is uncertain: angina pectoris, atrioventricular 
dissociation, chest pain, claudication, myocardial infarction, palpitations, purpura (vasculitis), syncope 
diarrhea, dry mouth, gastrointestinal distress, gingival hyperplasia, ecchymosis or bruising, cerebri 
vascular accident, confusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychot 
symptoms, shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, ma 
Sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gynecomastia 
increased urination, spotty menstruation, impotence. 12 
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A90-WTT 
"In mild to moderate hypertension. 


t Lower initial doses of 120 mg a day may be warronted in 
patients who may have an increased response tò verapamil 
(eg, the elderly or small people). 


SEARLE 


Address medical inquiries to: 

G.D. Searle & Co, 

Medical & Scientific 
Information Department 

4901 Searle Parkway 

Skokie, IL 60077 


G.D. Searle & Co 
Box 5110, Chicago, IL 60680 
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N.Y. 10011, Tel: 212-46 





CLASSIFIED ADVERTISING 
RATES FOR 1990 


(Rates subject to change without notice) 


RATE: $90.00 per column inch plus typesetting 
charge when applicable. $10.00 extra for 
AJC box numbers. 
SIZE: Minimum one column inch (3% x 1) 
DEADLINE: 1st of month issue: 20th of second 
month preceding publication date. 
15th of month issue: 5th of month 
preceding publication date. 
QUARTER PAGE: $450.00 (non-commissionable) 
HALF PAGE: 1x-$1,180  6x-$1,145 
3x-$1,165  12x-$1,105 
(1596 commission to recognized advertising agencies 
for !/ pg. only.) 
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of Cardiology offers classified 


service for its readers who are: 


SEEKING: 


Positions 9 Associates 


ANNOUNCING: 


Post-Graduate Courses ® Symposia 


SELLING: E 
Practices ® Medical Facilities 


OFFERING: 


Intern & Resident Posts * Academic Posts 


PURCHASING: TOW 
Medical Equipment * Medical Publications 
"US Ti igi 2er ee 
The American Journal of Cardiology will meet your per- 


d professional needs. 
n Moe Medical Serie W. 17th St., New York, 
, 3. | 








SERVICES 


tunity to Reach 
cian Audience 





Please contact: Margie 


Fax: 212-463-6470 





TO INCREASE YOUR 
VISIBILITY USE A 


QUARTER PAGE AD 
UNIT. 





The American Journal of Cardiology makes every effort 
to insure that classified advertisements, accepted as a 
service, are relevant to the practice of medicine. We 
retain the right to refuse advertising we consider to 
be irrelevant or inappropriate. We advise respondents 
to investigate each offer as we do not assume any re- 
sponsibility concerning the advertisers, the practices 
or services. 


IN ACUTE MI 


A NATURAL CHOICE 
WHEN A LIFE 
1S ON THE LINE 
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Please see brief summary of prescribing information | e t h R 
on last page of this advertisement. enen ec E nc. 





agent — 


The above image is a scientifically correct, 
computer-generated model of a section of the 
actual DNA containing the gene that codes 
for human tissue plasminogen activator. 





The only available thrombolytic 
agent equivalent to human 
tissue plasminogen activator 


No pattern of serious or life-threatening allergic reactions has been reported in over 150,000 y 
patients treated 


Because Activase* is a recombinant natural protein, it does not react with antistreptococcal 
antibodies, thereby reducing the concern regarding therapeutic failures 


No reported episodes of infusion-related hypotension requiring emergency intervention 


Bleeding is the most common complication of thrombolytic therapy, with intracranial bleeding being 
the most serious. Activase® is contraindicated in patients with: active internal bleeding, history of 
cerebrovascular accident, recent (within two months) intracranial or intraspinal surgery or trauma, 
intracranial neoplasm, arteriovenous malformation, or aneurysm, known bleeding diathesis, severe 
uncontrolled hypertension. (See WARNINGS section of brief summary of prescribing information. ) 


ACTIVASE 


prescribing information on facing page ALTEPLASE, RECOMBINANT 


© 1990 Genentech", Inc. A TISSUE PLASMINOGEN ACTIVATOR 


Genentech: Inc. 
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Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE* is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE* 
is contraindicated in the following situations: - Active internal bleeding * History of cerebrovascu- 
lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) - Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE* therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE* had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE* therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE* Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE* it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE* and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE* should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE* therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels * Cerebrovascular disease * Recent (within 10 
days) gastrointestinal or genitourinary bleeding * Recent (within 10 days) trauma * Hypertension: 
systolic BP 180 mm Hg and/or diastolic BP — 110 mm Hg * High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation + Acute pericarditis + Subacute bacterial endocarditis « Hemostatic 
defects including those secondary to severe hepatic or renal disease * Significant liver dysfunction + 
Pregnancy * Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions * Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old + Patients currently receiving oral anticoagulants * Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE* and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE* is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE* with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, ove that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mitotic ina was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 

Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 

ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
Categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 
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The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 


Dose Number of Patients h 
100 mg 3272 + 
150 mg 1779 
1-14 mg/kg 237 





These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has bee 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled — 
trials? is not signficantly different in the ACTIVASE® treated patients compared to those treated with — — 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). De 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- b: 
dial) occur, ACTIVASE* therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during — 
ACTIVASE® therapy. Therefore, ACTIVASE* therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild — 
hypersensitivity reactions such as urticaria have been observed occasionally. q 


Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the onset - 
of symptoms. M 
ACTIVASE® is for intravenous administration only. a 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which — 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second — 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose ofo 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 EU 

A DOSE OF 150 MG OF ACTIVASE* SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. ra 

Although the use of anticoagulants and antiplatelet drugs during and following administration d AR 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given - 
either during and/or following heparin treatment. = ua 
Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. V 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany » 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE* be reconstituted only with — . 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, p 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing — 
ACTIVASE* 10 mg/mL at approximately pH 73. The osmolality of this solution is approximately — 
215 mOsm/kg. p... 

Because ACTIVASE* contains no antibacterial preservatives, it should be reconstituted immediately — 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and — 
container permit. 

ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided; 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution. - 

No other medication should be added to infusion solutions containing ACTIVASE* Any unused 
infusion solution should be discarded. FÉ 
HOW SUPPLIED: ACTIVASE* is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials — 
containing vacuum, each packaged with diluent for reconstitution. s. 
Storage Store lyophilized ACTIVASE* at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from — 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 3 
ACTIVASE® Alteplase, recombinant P 
Manufactured by "M 

4 


GENENTECH® INC. 
460 Point San Bruno Blvd. 5 
South San Francisco, CA 94080 ; 
April, 1989 
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Effect of Empiric Antiarrhythmic Therapy in Resuscitated Out- 
of-Hospital Cardiac Arrest Victims with Coronary Artery 
Disease 

Ali R. Moosvi, Sidney Goldstein, Sharon VanderBrug Medendorp, 

J. Richard Landis, Robert A. Wolfe, Richard Leighton, George Ritter, 

C. Mark Vasu, and Allyn Acheson 


The effect of empiric antiarrhythmic therapy with quinidine and procain- 
amide on long-term mortality was examined in resuscitated patients with 
coronary artery disease. Our observations suggest that empiric antiar- 
rhythmic therapy with quinidine and procainamide did not affect total 
mortality and was associated with increased frequency of sudden death. 
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A New Pacing Method for Rapid Regularization and Rate 


Control in Atrial Fibrillation 
Chu-Pak Lau, Wing-Hung Leung, Cheuk-Kit Wong, Yau-Ting Tai, and 
Chun-Ho Cheng 


A new pacing method to control the rate and regularity of atrial fibrilla- 
tion (AF) was investigated in 15 patients using regularly inserted right 
ventricular extrastimulus after every conducted beat in AF. This led to a 
reduction in pulse rate (from 137 + 26 to 75 + 14 beats/min, p «0.001 ), 
regularization of the pulse-to-pulse interval, reduction in left ventricular 
filling pressure and improved stroke volume. In patients with severe mitral 
stenosis, the use of this pacing method also achieved a reduction in pulmo- 
nary arterial pressure (33 + 10 to 29 + 8.1 mm Hg, p <0.05) and diastolic 
gradient across the mitral valve (16 + 8 to 10 + 5 mm Hg, p «0.02). This 
pacing method thus improved the regularity, pulse rate control and cardi- 
ac hemodynamics during AF. 


SYSTEMIC HYPERTENSION 


1204 

Left Ventricular Systolic Response to Exercise in Patients 
With Systemic Hypertension Without Left Ventricular 
Hypertrophy 

Timothy F. Christian, Alan R. Zinsmeister, Todd D. Miller, 

lan P. Clements, and Raymond J. Gibbons 


Exercise radionuclide angiography was performed on 58 hypertensive and 
309 normotensive patients at low risk for coronary disease to assess left 
ventricular (LV) systolic response. There were no differences in exercise 
duration, peak exercise ejection fraction, change in ejection fraction from 
rest or change in ventricular volumes between patients with hypertension 
and normotensive patients. In the absence of LV hypertrophy, hyperten- 
sion does not influence LV response to exercise. 


Continued on page A28 
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Twice-a-day dosing* to make life easier for your arrhythmia patients. That's the 
Quinidex? advantage. Because, like the heart, Quinidex Extentabs® have been 
_ uniquely constructed for dependable around-the-clock performance. 


*Some patients may require t.i.d. dosing. 


QUINIDEX 
EXTENTABS 


(Quinidine Sulfate Extended- 
release Tablets, USP) 300 mg 


A-H-ROBINS 


Pharmaceutical Division, Richmond, Virginia 23261-6609 
©A.H. Robins Company 1987 





Please see adjacent page for brief summary. 
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(Quinidine Sulfate Extended- 
release Tablets, USP) 300 mg 
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The following is a brief summary only. Before prescribing, see complete prescribing Ameri a | | 
information in Quinidex product labeling. 
Contraindications: Intraventricular conduction defects. Complete A-V block. A-V 
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conduction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 
due to escape mechanisms. Idiosyncrasy or hypersensitivity to quinidine or 
cinchona derivatives. Myasthenia gravis. 
Warnings: In the treatment of atrial flutter, reversion to sinus rhythm may be preceded 
by a progressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an 
extremely rapid ventricular rate. This possible hazard may be reduced by digitalization 
prior to administration of quinidine. 

Reports in the literature indicate that serum concentrations of digoxin may increase 
and may even double when quinidine is administered concurrently. Patients on 
concomitant therapy should be carefully monitored for digitalis toxicity. Reduction of 
digoxin dosage may have to be considered. 

Manifestations of quinidine cardiotoxicity such as excessive prolongation of the QT 
interval, widening of the QRS complex and ventricular tachyarrhythmias mandate 
aon discontinuation of the drug and/or close clinical and electrocardiographic 
monitoring. 

In susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiac function 
manifested by hypotension, bradycardia, or heartblock. Quinidine therapy should be 
carefully monitored in such individuals. 
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Quinidine should be used with extreme caution in patients with incomplete AV block 
since complete AV block and asystole may be produced. Quinidine may cause ADVERTISING SALES OFFICES 
ri Shh ed an dine BA inni s and therefore should be used with 
cau 
| Quid shouid be used wi caution in patents exhibiting renal, cardiac repa NEW YORK, NEW YORK 
nsu n in m, [| ~ 

Patients taking quinidine occa cdi Nave pineapal Glades wich unas reek 7 Michael A. Pepper, 212-463-6468 
from ventricular tachycardia or fibrillation. This syndrome has not been shown to be Robert C. Weidner, 212-463-6469 
related to dose or serum levels. Syncopal episodes frequently terminate spontaneously or 3 : 
A Cases of More tcs s di ap er titis, due to quinidi 249 W. l 7th St. 

n 

Iypersenstviy have been reported Unexplained lever and/otelevabon of hepatic New York, N.Y. 10011 


enzymes, particularly in the early stages of therapy, warrant consideration of possible 
hepatotoxicity. Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the disappearance of toxicity. 


Precautions: General— All the ti ing t lar quinidine therapy 
spo is produt party or pyc reactions t unire aou DES PLAINES, ILLINOIS 
um. prie i pai ! dodi edad s 2 
for close clinical pinagka slepera nekk hda monitoring, and oe "gi Wy man Ca rey, 708 635 8800 
serum quinidine levels are indicated when large doses of quinidine are used or with 1350 E. Touhy Ave., P.O. Box 5080 
patients who present an increased risk. . . : 
Information for Patients—As with all solid dosage medications, Quinidex Des Plaines, Ill. 60017-5080 
Extentabs should be taken with an adequate amount of fluid, preferably with the patient in 
an ape Ay a M. They should be swallowed whole in order to 
preserve n 
Labo Tests— Periodic blood ts and liver and kidney function tests should 
bepesionmed taxing lng enn terap, he uj shuld be icone fond. INTERNATIONAL 
eM earn oca Cahners Publishing Company 
27 Paul Street 
Quinidine with anticholinergic d Additi lytic effect 
dune vin cholinergic drugs ^ nazi d ina eects London, EC2A, 4JU, England 
nidine with carbon a nizati i 3 
drase inhibitors, he beh ced Tel: 1-M 1 628-7030 
nee Males acelboc quinidine Telex: 914911 
nidine with coumarin ion o i x 
iogan M Fax: 1-44 1 839-6626 
succinylcholine and muscular blockade Managing Dir.-Europe 
decamethoni 
Quinidine with phenothiazines Additive cardiac E. D. Reuteler 
Pon LETTERE COME United Kingdom, Benelux 
inducing drugs (phenobarbital, half-life of quinidine Stuart Smith 
phenytoin, rifampin) ua 
Quinidine with digoxin Increased serum concentration of Tracey Lehane 
Pet. digoxin (See Warnings) - s ees 
aide "^ atn, acus pan once o quinidine Scandinavia 
ini : ; s 
Np ba pres oen ene dh Martin Sutcliffe 
Quinidine with ranitidine peor dear contractions | taly France Sp ain 
nee Orogemy — jS a 
Quinidine with verapamil pasa guane inet pe A 2 increase in Alasdair Melville 
unire wih ripe Dera su coord quinidine Switzerland, Germany, Austria, E. Europe 
? jes in ani lormed t t i 
B. enue animals have no pert ae P Uwe Kretzschmar 
, Teratogenic Effects: Pregnancy Category C. Animal reproduction 
Studies have not been conducted with quinidine. There are no adequate and well- 
Controlled studies in pregnant women. Quinidex Extentabs should be administered to a 
Dangers woman oniy V Cary cond. J^ JAPAN 
lonteratogenic Effects: Like quinine, quinidine has been reported to have oxytocic 
properties. The sigicance of his property in the clinical setting has not been Kaoru Hara—03-366-8301 
Uam Delery er is no known us for Quinidex bens in labor and Dynaco International, Inc. — 
significance of this propery adi the chien eating has dey tote ablished Suite 1003, Sun- Palace Shinjuku 
Nursing Mothers—Because of passage of the drug into breast milk, caution should 8-12-1 Nishishinjuku Shinjuku-ku 
be exercised when Quinidex Extentabs are administered to a nursing woman. 
Pediatric Use— There are no adequate and well-controlled studies establishing the Tokyo 160, Japan 
safety and effectiveness of Quinidex Extentabs in children. ——— Fax: 03 366-8302 
n senso rob ues cd N enano tud a rigig in tbe onra, os ol I le 12322609 DYNACO 
i ightheadedness, headache, nausea, and/or disturbed vision . 
appear in sensitive patients after a single dose of the drug. The most frequently Hs Grex. 
encountered side effects to quinidine are gastrointestinal. 


Gastrointestinal —Nausea, vomiting, abdominal pain, diarrhea, anorexia, 
granulomatous hepatitis (which may be preceded by fever), esophagitis. 
rites vost he ORS cono an paz moa cp A Production M : Marty Schlessel 
block; ventricular tachycardia and fibrillation; ventricular flutter: torsade de pointes; rocucuon ahnagert i y ase 
arterial embolism; hypotension; syncope. Telephone: 212-463-6546 
Central Nervous System— Headache, vertigo, apprehension, excitement, 


confusion, delirium, dementia, ataxia, depression. ————- ' Reprints Manager: Herbert V. Paureiss, Jr. 
pacha ce inca ee sabani 

Dermatologic Cutaneous flushing with intense pruritus, photosensitivity, urticaria, Fax New York Office: 212-463-6470 | 
"PD NOR tous strate end, per oeil diia: Director of Art Department: Barrie Stern 
Kl erts ai d ours qp rede iic en ter Contracts Coordinator: Luz Mejia 


thrombocyt 
acute hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in 
differential, neutropenia. 


Immunologic — Systemic lupus erythematosus, lupus nephritis. 
Fever, increase in serum skeletal muscle creatine phosphokinase, 


artralgia. myalgia. Ree CAHNERS PUBLISHING COMPANY 
249 W. 17th St., N.Y., N.Y. 10011 
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Pharmaceutical Division 
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CONGESTIVE HEART FAILURE 


1209 

Acute Reduction of Atrial Overload During Vasodilator and 
Diuretic Therapy in Advanced Congestive Heart Failure 
Michele A. Hamilton, Lynne W. Stevenson, John S. Child, 

Jaime D. Moriguchi, and Mary Woo 


To determine the effect of acute vasodilator and diuretic therapy on atrial 
overload in congestive heart failure (CHF), we measured atrial volumes 
and mitral and tricuspid regurgitation, in addition to left ventricular 
ejection fraction and indexes of ventricular contractility using 2-dimen- 
sional and Doppler echocardiography and color flow imaging in 30 pa- 
tients with advanced CHF before and after hemodynamically tailored 
therapy. While stroke volume increased by a mean of 64% and right atrial 
and pulmonary capillary wedge pressure decreased by 45 and 37% (all p 
<0.001), echocardiography demonstrated reductions in left and right 
atrial volumes by a mean of 24 and 18%, respectively (p «0.001 ). Mitral 
and tricuspid regurgitation measured by color flow fraction both de- 
creased by a mean of 44% (p <0.001). While ejection fraction increased 
from 15 + 5 to 19 + 7% (p «0.001), there were no changes in load- 
independent indexes of contractility. Acute therapy with vasodilators and 
diuretics in advanced CHF causes reductions in atrial volumes and atrio- 
ventricular valve regurgitation that can be detected noninvasively and may 
play a major role in the improvement of congestive symptoms. 


VALVULAR HEART DISEASE 


1213 


Changes in Left Ventricular Systolic Performance Immediately 


After Percutaneous Aortic Balloon Valvuloplasty 
David H. Harpole, Charles J. Davidson, Thomas N. Skelton, 
Katherine B. Kisslo, Robert H. Jones, and Thomas M. Bashore 


To evaluate the acute changes in left ventricular (LV ) performance before 
and after percutaneous aortic valvuloplasty, 25 patients (mean age 74 + 9 
years, New York Heart Association class III and mean valve gradient 61 
+ 22 mm Hg) underwent first-pass radionuclide angiocardiography with 
high-fidelity micromanometric LV pressure for construction of pressure- 
volume loops. Echocardiographic wall dimensions and radionuclide angio- 
graphic volume were used to define wall stress. A decrease in LV outflow 
obstruction after valvuloplasty decreases LV afterload (meridional end- 
systolic wall stress decreased from 83 to 55 X 10? dynes/cm?; 
p <0.001). Preload was also lower (LV end-diastolic volume decreased 
from 186 to 160 ml, p <0.001, and end-diastolic pressure decreased from 
22 to 17 mm Hg; p «0.01 ). The pressure-volume loop changed configura- 
tion, shifting downward and to the left. The loop area or stroke work 
decreased from 16.0 to 14.0 X 106 ergs (p «0.001 ) and ejection fraction 


Continued on page A32 


A28 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


s " m — " r - —- La =. — E "— ee Et Ex TIT - « tm TI. ER. > PaL WEGE IPLA Dm y MENOS EC Fa [ FI 
* TREE AERIAL SM. TURA CER REESE TS SUUM Te QNEM E T LUPA ONIS DAI OPERUM RUP A Ee eh ae UC E S C 
TE VARER PRN RCP E MERO nM ee! SON UNT PRESENTO ORC ey ee RE fe OER S CRUISE RAPI SON Cn AE: 

ry ! ` E eM - A. " DU cn die < 1 ' : r 


The only beta blocker 
as effective as quinidine 


without quinidine complications. 


In randomized, double-blind crossover studies,'* Sectral® (acebutolol HCl) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea.'* Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: "The antiarrhythmic activity of (Sectral®), 


its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia."* 


Like other beta blockers, Sectral? is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 
gradually until optimal ERO M obtained, generally between 600 mg 
to 1200 mg per Wo / 





Please see 
*Sectral? is n 


For uncomplicated 
control of PVCs. 
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1 acebutolol HCI 
a For uncomplicated control of PVCs. 


RA 
Brief summary of prescribing information) 


- CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 
Ronan third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
ana ) 

— WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
. circulation in individuals with diminished myocardial contractility, and its inhibition by B - 

. adrenergic receptor blockade may precipitate more severe failure. Although B -blockers should be 
. avoided in over: cardiac failure, SECTRAL can be used with caution in patients with a history of 

- heart failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 

_ impair AV conduction. If cardiac failure persists, therapy with SECTRAL should be withdrawn. 

N PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
lve disease or compromised left ventricular function, continued depression of the myocardium 
-. with B -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
.. failure, patients should be digitalized and/or be given a diuretic and the response observed 
- closely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 
|. therapy should be withdrawn. 

. EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 

. Following abrupt cessation of therapy with certain B-blocking agents in patients with coronary 

. artery disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 

3 death have been reported. Therefore, such patients should be cautioned against interruption of 








b 


_ therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
—. discontinuation of SECTRAL is planned, the patient should be carefully observed, and should be 
. advised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a 
5 "odas of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be 
_ transferred directly to comparable doses of another agent without interruption of B-blocking 
therapy). If an exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
— immediately in full doses and the patient hospitalized until his condition stabilizes. 
- PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and 
precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
| enteric vascular disease. Caution should be exercised with such patients and they should be 
observed closely for evidence of progression of arterial obstruction. 
BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
GENERAL, NOT RECEIVE A B-BLOCKER. Because of its relative B,-selectivity, however, low 
. doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 
. respond to, or who cannot tolerate, alternative treatment. Since B,-selectivity is not absolute and 
e dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
divided doses to avoid the higher plasma levels associated with the longer dose-interval. A 
- bronchodilator, such as a theophylline or a p; stimulant, should be made available in advance 
_ with instructions concerning its use. 


- ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B - 
9locking therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs 
e ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 
benefit in preventing arrhythmic response, the risk of excessive myocardial depression during 
general anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
been reported with beta-blockers. If treatment is continued, particular care should be taken when 
sing anesthetic agents which depress the myocardium, such as ether, cyclopropane and 
__ trichlorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL, like 
. ot Yer B -blockers, is a competitive inhibitor of B-receptor agonists and its effect on the heart can be 
7 reversed by cautious administration of such agents (e.g., dobutamine or isoproterenol—see 
OVERDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension) 

- may be corrected with atropine 1 to 3 mg i.v. in divided doses. 
_ DIABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
- mask some of its manifestations such as tachycardia; however, dizziness and sweating are usually 
— not significantly affected. Diabetic patients should be warned of the possibility of masked 
E Wo ds 
_ THYROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 

. hyperthyroidism. Abrupt withdrawal of B -blockade may precipitate a thyroid storm; therefore, 
_ patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
. Should be monitored closely. 
_ PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
. in patients with renal insufficiency have not been performed in the U.S. Foreign published 

. experience shows that acebutolol has been used successfully in chronic renal insufficiency. 
.. Acebutolol is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated 
redominantly by the kidney. There is a linear relationship between renal clearance of diacetolol 
. and creatinine clearance. Therefore, the daily dose of acebutolol should be reduced by 50% when 

the creatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min. 

SECTRAL should be used cautiously in patients with impaired hepatic function. 
— SECTRAL has been used successfully and without problems in elderly patients in the U.S. 

- clinical trials without specific adjustment of dosage. However, elderly patients may require lower 
- maintenance doses because the bioavailability of both SECTRAL and its metabolite are 

. approximately doubled in this age group. 

_ CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with 
_ the development of antinuclear antibodies (ANA). In prospective Clinical trials, patients receiving 
=CTRAL had a dose dependent increase in the development of positive ANA titers and the overall 

__ incidence was higher than that observed with propranolol. Symptoms (generally persistent 
. arthralgias and myalgias) related to this laboratory abnormality were infrequent (less than 1% with 
- both drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 
__ INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 
E disease, should be warned against interruption or discontinuation of SECTRAL therapy without a 
_ physician's supervision. Although cardiac failure rarely occurs in properly selected patients, those 
^. being treated with B-adrenergic blocking agents should be advised to consult a physician if they 

. develop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 
.. . Patients should also be warned of possible severe hypertensive reactions from concomitant use 
_ of a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 


-~ preparations and nasal drops. 


. DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 


. additive effect when given with B-blocking agents. Patients treated with SECTRAL plus 
. catecholamine depletors should, therefore, be observed closely for evidence of marked 
. bradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 
ost tic changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 
. responses have been reported from the combined use of B-adrenergic antagonists and a- 
 adrenergic stimulants, including those contained in proprietary cold remedies and vaso- 
. constrictive nasal drops. Patients receiving 8 -blockers should be warned of this potential 
. hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 


Brinevresene, oral contraceptives, tolbutamide or warfarin have been observed. 
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CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity 
studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 
to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinogenic 
potential for SECTRAL (acebutolol HCl). Diacetolol, the major metabolite of SECTRAL in man, 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day. 
SECTRAL and diacetolol were also shown to be devoid of mutagenic potential in the Ames 
Test. SECTRAL, administered orally to two generations of male and female rats at doses of up 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in (a 
60 kg) man] and diacetolol, administered to two generations of male and female rats at doses 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been : 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of F 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 
performed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation loss with 450 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolol and diacetolol cross the placenta. 
Because animal teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from 
controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 
SECTRAL Propranolol thiazide Placebo 


(N=1002) (N=424) (N=178) (N=314) 
% % % 


Hydrochloro- 


Body System/ 
Adverse Reaction 








Cardiovascular 
Chest Pain 
Edema 
Central Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
Insomnia 
Abnormal 
dreams 
Dermatologic 
Rash 
Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 
Genitourinary 
Micturition 
(frequency) 
Musculoskeletal 
Arthralgia 
Myalgia 
Respiratory 
Cough 1 
Dyspnea 4 
Rhinitis 2 
Special Senses 
Abnormal Vision 2 2 3 0 
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The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. Central Nervous 
System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.) 





400 mg/ 800 mg/ 1200 mg/ 
day day day 
Body System (N=132) (N=63) (N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 
System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adverse 
effects of SECTRAL. 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. 


Keep at room temperature. Approximately 25°C (77°F). 
*Sectral* is not indicated in ventricular tachycardia. 


| 


1. Shapiro W, Park J, Koch GG: Variability of spontaneous and exercise-induced ventricular arrhythmias in the A 


absence and presence of treatment with acebutolol or quinidine. Am J Cardiol 1982;49:445-454. 
2. Chandraratna PAN: Comparison of acebutolol with propranolol, quinidine, and placebo: Results of three 
multicenter arrhythmia trials. Am Heart J 1985;109:1198-1204. 
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No longer will 
increasing your 
ad budget 
be an 


act of faith. i 


-tracked ads for four totally different 


; A proven part of your sales force. 


About $3 billion a year is spent on business 
press advertising—yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases 
sales and profits. 
It’s comprehensive. This landmark research 
study took more than three years to complete 
at a cost of over $390,000. 

Its impartial—the study was conducted 
entirely by the independent Advertising 
Research Foundation. 







e new study - 


products. Was based on real-time data — 
carefully accumulated as the ads ran. 
And employed state-of-the-art data analys 
techniques. : 
It's conclusive. It links higher levels of 
advertising with significant increases in sales, 
plus increased profits. Considering the 
competitive crunch of today's marketplace, these 
kinds of results mean increasing your advertising 
is no longer an act of faith —but an act of survival. 
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Shoot down your old notions, and put the 
research to work. 

Armed with these new, easy-to-understand 

facts and figures, you can now have powerful 
decision support for increasing your trade 
magazine ad budget. 

For your copy of the "Summary of the 
Findings", write on your letterhead to: Marketing 
Services, Association of Business Publishers, 
205 E. 42nd Street, New York, NY 10017. 
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increased from 0.41 to 0.48 (p <0.01). Thus, the effect of aortic valvulo- 
plasty on LV systolic measurements appears multifactorial and these 
variable effects should be considered when postprocedural hemodynamics 
are considered. 


1219 
Effect of Aortic Valve Replacement for Aortic Stenosis on 
Severity of Mitral Regurgitation 

Paul A. Tunick, Aaron Gindea, and Itzhak Kronzon 





The severity of mitral regurgitation (MR) was determined by Doppler 
echocardiography in 44 patients before and after aortic valve replacement 
for severe aortic stenosis. MR decreased in 60%. Furthermore, MR de- 
creased in 92% of those with moderate or severe MR preoperatively. 


CONGENITAL HEART DISEASE 


1222 

The Natural and “Unnatural” History of Congenitally 
Corrected Transposition 

Ulla Lundstrom, Catherine Bull, Richard K.H. Wyse, and Jane Somerville 


We reviewed the course of 111 patients with corrected transposition and 2 
adequate ventricles managed over a 20-year period. All but 10 had addi- 
tional anatomic abnormalities. Intracardiac repair was attempted in 51 
patients (11 early deaths). Those symptomatic from heart failure associ- 
ated with a ventricular septal defect, tricuspid regurgitation, or both, did 
less well pre-, peri- and postoperatively than those symptomatic from a low 
pulmonary blood flow. On multivariate analysis, risk factors for a poor 
result of intracardiac repair related to systemic ventricular dysfunction, 
preoperative heart block and poor preoperative symptomatic status. Pa- 
tients whose tricuspid valves were more than slightly regurgitant preopera- 
tively fared particularly badly unless the valve was electively replaced. 
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Two-Dimensional and Doppler Echocardiographic and 
Pathologic Characteristics of the Infantile Marfan Syndrome 
Tal Geva, Stephen P. Sanders, Maria S. Diogenes, Sol Rockenmacher, 
and Richard Van Praagh 


Since the clinical, echocardiographic and pathologic characteristics of 
infantile Marfan syndrome have not been studied in detail, a study of 9 
such infants was performed and, in addition, 86 reported cases were 
reviewed. The mean age at diagnosis in our patients was 2.7 months. The 
characteristic features of infantile Marfan syndrome are distinctly differ- 
ent from the classic syndrome seen in adolescents and adults. In infants, 
most cases are sporadic; severe musculoskeletal involvement was found in 
all, with joint contractures in 6 of 9; early ocular involvement was docu- 
mented in 6 of 9; the typical pattern of cardiovascular abnormalities is 
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SQUIBB 


DD CAPOTEN EARLY 


Whether or not 

your heart failure 
patients are receiving 
digitalis... 


IN MILD, MODERATE, AND SEVERE HEART FAILURE 


(NYHA Class Il, III, and IV) - 


CLOSING THE LOOP IN HEART FAILURE THERAPY 


*CAPOTEN is indicated in patients with heart failure who have not responded adequately to treatment with diuretics and digitalis. Although the 
beneficial effect of captopril in heart failure does not require the presence of digitalis, most controlled clinical trial x gie with captopril has 
been in patients receiving digitalis as well as diuretic treatment. Consequently, CAPOTEN should generally be added to both of these agents 
except when digitalis use is poorly tolerated or otherwise not feasible. In using CAPOTEN, consideration should be given to the risk of neutro- 
penia/agranulocytosis. Use special precautions in patients with impaired renal function, collagen vascular disorders, or those exposed to other 
drugs known to affect the white blood cells or immune response. Evaluation of heart failure patients should always include assessment of renal 
function. See INDICATIONS, CONTRAINDICATIONS, WARNINGS, and ADVERSE REACTIONS in the brief summary on adjacent page. 
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.. INDICATIONS: —CAPOTEN (captopril) is indicated for the treatment of hyper- 
_ tension. Consideration should be given to the risk of neutropenia/ agranulocytosis (see WARN- 


INGS). CAPOTEN is effective alone and in combination with other antihypertensive agents, 


especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in 
patients who have not responded adequately to treatment with diuretics and digitalis. CAPOTEN 


.. should generally be added to both of these agents except when digitalis use is poorly tolerated 


or otherwise not feasible. 


CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to 
this product. 


WARNINGS: Angioedema—Angioedema involving the extremities, face, lips, mucous mem- 
branes, tongue, glottis or larynx has been seen in patients treated with ACE inhibitors, includ- 
ing captopril. If angioedema involves the tongue, glottis or larynx, airway obstruction may occur 
and be fatal. Emergency therapy, including but not necessarily limited to, subcutaneous ad- 
ministration of a 1:1000 solution of epinephrine should be promptly instituted. 


Agranulocytosis—Neutropenia (—1000/mm?) with myeloid hypoplasia has resulted 
from use of captopril. About half of the neutropenic patients developed systemic or oral cavity 
infections or other features of the syndrome of agranulocytosis. The risk of neutropenia is 
dependent on the clinical status of the patient: 


In clinical trials in patients with hypertension who have normal renal function (serum creati- 
nine less than 1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in 
one patient out of over 8,600 exposed. In patients with some degree of renal failure (serum 
creatinine at least 1.6 mg/dL) but no collagen vascular disease, the risk in clinical trials was 
about 1 per 500. Doses were relatively high in these patients, particularly in view of their 
diminished renal function. In patients with collagen vascular diseases (e.g., systemic lupus 
erythematosus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of 
patients in clinical trials. While none of the over 750 patients in formal clinical trials of heart 
failure developed neutropenia, it has occurred during the subsequent clinical experience. Of 
reported cases, about half had serum creatinine > 1.6 mg/dL and more than 75% received 
procainamide. In heart failure, it appears that the same risk factors for neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with my- 
eloid hypoplasia and frequently accompanied by erythroid hypoplasia and decreased num- 
bers of megakaryocytes (e.g., hypoplastic bone marrow and pancytopenia); anemia and 
thrombocytopenia were sometimes seen. Neutrophils generally returned to normal in about 2 


. weeks after captopril was discontinued, and serious infections were limited to clinically com- 


plex patients. About 1396 of the cases of neutropenia have ended fatally, but almost all fatalities 
were in patients with serious illness, having collagen vascular disease, renal failure, heart 
failure or immunosuppressant therapy, or a combination of these complicating factors. Evalua- 


_ tion of the hypertensive or heart failure patient should always include assessment of renal 


. function. If captopril is used in patients with impaired renal function, white blood cell and 
© catterertal counts should be evaluated prior to starting treatment and at approximately 2-week 
. intervals for about 3 months, then periodically. In patients with collagen vascular disease or 
. who are exposed to other drugs known to affect the white cells or immune response, particu- 


* larly when there is impaired renal function, captopril should be used only after an assessment 


_ Of benefit and risk, and then with caution. All patients treated with captopril should be told to 
. report any signs of infection (e.g., sore throat, fever). If infection is suspected, perform white 
cell counts without delay. Since discontinuation of captopril and other drugs has generally led 
to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil 
count —1000/mm?) withdraw captopril and closely follow the patient's course. 


. Proteinuria: Total urinary proteins ^1 g per day were seen in about 0.7% of patients on captopril. 


About 9096 of affected patients had evidence of prior renal disease or received high doses 
(7150 mg/day), or both. The nephrotic syndrome occurred in about one-fifth of proteinuric 


_ patients. In most cases, proteinuria subsided or cleared within 6 months whether or not captopril 
— was continued. The BUN and creatinine were seldom altered in proteinuric patients. Since 
- most cases of proteinuria occurred by the 8th month of therapy with captopril, patients with 
-. prior renal disease or those receiving captopril at doses >150 mg per day, should have urinary 
protein estimates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 


Hypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possi- 
bility in severely salt/volume-depleted persons such as those treated vigorously with diuretics 
(see PRECAUTIONS [Drug Interactions]). In heart failure, where the blood pressure was either 
normal or low, transient decreases in mean blood pressure >20% were recorded in about half 
of the patients. This transient hypotension may occur after any of the first several doses and is 
usually well tolerated, although rarely it has been associated with arrhythmia or conduction 
defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
should be followed closely for the first 2 weeks of treatment and whenever the dose of captopril 
and/or diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 
SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: /mpaired Renal Function—Hypertension—Some hypertensive patients 
with renal disease, particularly those with severe renal artery stenosis, have developed in- 
creases in BUN and serum creatinine. It may be necessary to reduce captopril dosage and/or 
discontinue diuretic. For some of these patients, normalization of blood pressure and mainte- 
nance of adequate renal perfusion may not be possible. Heart Failure—About 2096 of patients 
develop stable elevations of BUN and serum creatinine >20% above normal or baseline upon 
long-term treatment. Less than 596 of patients, generally with severe preexisting renal disease, 
required discontinuation due to progressively increasing creatinine. See DOSAGE AND ADMIN- 


_ ISTRATION, ADVERSE REACTIONS [Altered Laboratory Findings]. Valvular Stenosis—A theo- 


retical concern, for risk of decreased coronary perfusion, has been noted regarding vasodilator 


. treatment in patients with aortic stenosis due to decreased afterload reduction. Surgery/Anes- 


thesia—lf hypotension occurs during surgery or anesthesia, and is considered due to the ef- 
fects of captopril, it is correctable by volume expansion. 


Drug Interactions: Hypotension—Patients on Diuretic Therapy—Precipitous reduction of blood 
pressure may occasionally occur within the 1st hour after administration of the initial captopril 
dose in patients on diuretics, especially those recently placed on diuretics, and those on se- 
vere dietary salt restriction or dialysis. This possibility can be minimized by either discontinuing 
the diuretic or increasing the salt intake about 1 week prior to initiation of captopril therapy or 
by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, provide medical supervi- 
sion for at least 1 hour after the initial dose. 

Agents Having Vasodilator Activity—in heart failure patients, vasodilators should be ad- 
ministered with caution. 

Agents Causing Renin Release—Captopril's effect will be augmented by antihypertensive 


: agents that cause renin release. 


Agents Affecting Sympathetic Activity—The sympathetic nervous system may be especially 
important in supporting blood pressure in patients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further antihypertensive effect to captopril, but the 
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ganglionic blocking agents or adrenergic neuron blocking agents) with caution. ae 

Agents Increasing Serum Potassium—Give potassium-sparing diuretics or potassium sup- 
plements only for documented hypokalemia, and then with caution, since they may lead to a 
significant increase of serum potassium. Use potassium-containing salt substitutes with caution. 

Inhibitors of Endogenous Prostaglandin Synthesis—Indomethacin and other nonsteroidal anti- 
inflammatory agents may reduce the antihypertensive effect of captopril, especially in low 
renin hypertension. 

Lithium—Increased serum lithium levels and symptoms of lithium toxicity have been reported 
in patients receiving concomitant lithium and ACE inhibitor therapy. These drugs should be 
coadministered with caution and frequent monitoring of serum lithium levels is recommended. 
If a diuretic is also used, it may increase the risk of lithium toxicity. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 50 
to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C: Embryocidal effects and craniofacial malformations were observed in 
rabbits. Human Experience—There are no adequate and well-controlled studies of captopril in 
pregnant women. Data are available that show captopril crosses the human placenta. Captopril 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Based on post-marketing experience with all ACE inhibitors, the following information has 
been collected. Inadvertent exposure limited to the first trimester of pregnancy does not ap- 
pear to affect fetal outcome adversely. Fetal exposure during the second and third trimester of 
pregnancy has been associated with fetal and neonatal morbidity and mortality. 

When ACE inhibitors are used during the later stages of pregnancy, there have been reports 
of hypotension and decreased renal perfusion in the newborn. Oligohydramnios in the mother 
has also been reported. Infants exposed in utero to ACE inhibitors should be closely observed 
for hypotension, oliguria and hyperkalemia. If oliguria occurs, attention should be directed 
toward support of blood pressure and renal perfusion with the administration of fluids and 
pressors as appropriate. Problems associated with prematurity such as patent ductus arteri- 
osus have occurred in association with maternal use of ACE inhibitors but it is not clear whether 
they are related to ACE inhibition, maternal hypertension or the underlying prematurity. 

There is no experience with exchange transfusion, hemodialysis or peritoneal dialysis for 
removing captopril from the neonatal circulation. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approxi- 


mately 7000 patients. 

Renal—About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, 
renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic—Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, 
thrombocytopenia, and pancytopenia have been reported. 

Dermatologic—Rash, (usually maculopapular, rarely urticarial), often with pruritus, and some- 
times with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status and 
dose), usually during the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 pa- 
tients. A reversible associated pemphigoid-like lesion, and photosensitivity, have also been 
reported. Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular—Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug 
Interactions] for discussion of hypotension on initiation of captopril therapy. Tachycardia, chest 
pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial infarction, 
Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 patients. 

Dysgeusia—Approximately 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and usually 
self-limited even with continued drug use (2 to 3 months). 

Angioedema—Angioedema involving the extremities, face, lips, mucous membranes, tongue, 
glottis or larynx has been reported in approximately one in 1000 patients. Angioedema involv- 
ing the upper airways has caused fatal airway obstruction. (See WARNINGS.) 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at 
increased frequency compared to placebo or other treatments used in controlled trials: gastric 
irritation, abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alo- 
pecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below by 
body system. In this setting, an incidence or causal relationship cannot be accurately determined. 

General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident, syncope. j 

Dermatologic: Bullous pemphigus. ; 

Gastrointestinal: Pancreatitis, glossitis. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myalgia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: Impotence. 

As with other ACE inhibitors, a syndrome has been reported which includes: fever, myalgia, 
arthralgia, rash or other dermatologic manifestations, eosinophilia and an elevated ESR. Find- 
ings have usually resolved with discontinuation of treatment. 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum po- 
tassium, especially in patients with renal impairment (see PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume 
or salt depleted patients or those with renovascular hypertension may occur. Rapid reduction 
of longstanding or markedly elevated blood pressure can result in decreases in the glomerular 
filtration rate and, in turn, lead to increases in BUN or serum creatinine. 

Hematologic: A positive ANA has been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum 
bilirubin have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an I.V. 
infusion of normal saline is the treatment of choice for restoration of blood pressure. Captopril 
may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before meals. 
In hypertension, CAPOTEN may be dosed bid or tid. Dosage must be individualized; see DOS- 
AGE AND ADMINISTRATION section of package insert for detailed information regarding dos- 
age in hypertension and in heart failure. Because CAPOTEN (captopril) is excreted primarily by 
the kidneys, dosage adjustments are recommended for patients with impaired renal function. 


Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, and 50 mg in bottles of 100 and 1000; 100 mg 
in bottles of 100; and in UNIMATIC® unit-dose packs of 100 tablets. (J3-658R) 
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THE TRUTH ABOUT ASPIRIN: 





N 


ECOTRIN. 


Recommended by 


Cardiologi 





sts 


over Bayer aspirin. 


Artist's depiction of platelets and red blood cells within the walls of a vessel. 


Effectively inhibits 

platelet aggregation. 

A recent study! has shown that 
ECOTRIN inhibits platelet aggrega- 
tion to the same degree as plain 
aspirin. Daily use of ECOTRIN offers 
important cardioprotective benefits 
in patients with unstable angina or 
history of myocardial infarction. 


Enteric-coated to spare the 

stomach. 

While even low doses of plain 

aspirin can significantly damage Gl 
—Z2mucosa,? ECOTRIN, at doses up 

to 4 g/day, is proven superior to 

plain, buffered, and highly buffered 

aspirin.? That's because ECOTRIN 

is enteric-coated aspirin. ECOTRIN 

is released in the duodenum, so 


it bypasses the stomach and thus 
helps avoid gastric irritation. 


The cardiologists' choice. 
ECOTRIN is the leading brand of 
enteric-coated aspirin, combining 
antiplatelet efficacy with stomach- 
sparing protection. And that's why 
more cardiologists, when concerned 
about aspirin irritation, recommend 
ECOTRIN over Bayer aspirin.3 


Enteric-coated 


Ecotrin 


325 mg Enteric-Coated Tablets and Caplets 


THE STOMACH-SAFE ASPIRIN ™ 





References: 1. Faigel DJ, Jakubowski JA, 
Stampfer MJ, et al: Multiple doses of regular 
and enteric-coated aspirin produce equivalent 
platelet inhibitory effects. Curr Ther Res 
1986; 39:519-527. 

2. Demke DM, 
Luderer JR, 
Wakefield KL, et 
al: The effect of 
itazigrel and 
aspirin on the 
mucosa of the 
esophagus, 
stomach, and 
duodenum of 
normal subjects. 
J Clin Pharmacol 
1987; 27: 
916-920. 

3. Data on file, 
SmithKline 
Consumer Products, 
a SmithKline 
Beckman 

Company. 
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characterized by mitral and tricuspid valve prolapse and regurgitation, 
prominent progressive aortic root, and often pulmonary root dilatation 
(100 and 43%, respectively) and congestive heart failure due to atrioven- 
tricular valve regurgitation. Lastly, a poor prognosis is associated with 
congestive heart failure (44% mortality rate during infancy). Infantile 
Marfan syndrome is the most severe form of this disorder and is highly 


lethal. 
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Pericardial Effusion After Cardiac Surgery in Children and 
Effects of Aspirin for Prevention 

Marie J. Béland, Marc Paquet, James E. Gibbons, Christo |. Tchervenkov, 


and Anthony R.C. Dobell 


We prospectively studied 74 children echocardiographically in the first 
month after cardiac surgery and found a 65% cumulative incidence of 
pericardial effusion, 3 patients requiring pericardiocentesis and | patient 
dying of tamponade. Age at surgery, ventriculotomy or aspirin prophylax- 
is did not appear to alter the outcome. Patients without pericardial fluid in 
the immediate postoperative period fared better. A new grading system for 
pericardial effusions is proposed with grade 4 effusions more likely to be 
associated with a clinically significant outcome. 


MISCELLANEOUS 
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Effects of Exercise Testing, Training and Beta Blockade on 
Serum Potassium in Normal Subjects 

Gerald F. Fletcher, Barbara J. Fletcher, and Mary Ellen Sweeney 


To evaluate the effects of exercise testing, training and 8 blockade on 
serum potassium, 40 normal subjects (24 men, 16 women, mean age 33 
years) had 4 maximal exercise tests with venipuncture for serum potassi- 
um before and X40 seconds after each test. There was a significant mean 
increase (p <0.05) in serum potassium with maximal exercise in the 
atenolol 50 mg and propranolol groups after 1 week of treatment (4.78 + 
0.29 to 5.09 + 0.43 mEq/liter and 4.81 + 0.55 to 5.30 + 0.33 mEg liter), 
and by week 8 (after training) all 8-blockade groups showed an increase in 
posttest serum potassium (atenolol 50 mg, 4.78 + 0.29 to 5.11 + 0.26 
mEg/liter; atenolol 100 mg, 4.95 + 0.41 to 5.16 + 0.36 mEq/liter; 
propranolol, 4.81 + 0.55 to 5.05 + 0.29 mEq/ liter). After washout, only 
the placebo group showed an increase in posttest serum potassium (4.99 + 
0.46 to 5.35 + 0.27 mEg/liter). Data indicate that hyperkalemia with 
maximal exercise increases after training with atenolol and propranolol 
compared to placebo and that this effect resolves once treatment is discon- 
tinued. 


Continued on page A42 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(<35 mg/dL) baseline level of HDL cholesterol.? 


HEART ATTACK PATIENTS 


(PROCAM TRIAL)? 
LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL) 


A powerful case for 


COPI) 


gemfibrozil ) s 


RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type Ib patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 

*Defined as a combination of definite coronary death and/or definite myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. |. Lipid levels in 500 survivors of myocardial 
infarction. | Clin Invest. 1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Munster Trial. Zürich: Panscientia Verlag; 1986:8-9 
3. Data on file, Medical Affairs Dept, Parke-Davis. 


Please see adjacent page of this advertisement for warnings, contraindications, and brief summary of prescribing information. 
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biliary cirrhosis. — 
s [esa B abisdder disease (See WARNINGS). 
Hypersensitivity t to gemfibrozil. 
ARNINGS. 1. 
Pd tm gemi bra 


ecause of chemical, pharmacological, and clinical similarities be- 
| and clofibrate, the adverse findings with clofibrate in two large clinical 

; , 1000 subjects with previous myocardial infarction were treated for five years 
clofibrate There was no difference in mortality between the clofibrate-treated sub- 
; and 3000 placebo-treated subjects, but twice as many clofibrate-treated su bjects 
A ce ds oped cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
-ducted by the World Health Organization (WHO), 5000 subjects without known cor- 

y ary heart disease were treated with clofibrate for five years and followed one year 
ond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
edthanina comparable placebo-treated control group. The excess mortality was 
toa 33% i increase in noncardiovascular causes, including malignancy, post- 

lecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
ubjects for gallbladder disease was confirmed. 
oa . During the Helsinki Heart Study and in the 177 year follow-up period since the trial 

m was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
^ po .7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
_ the more limited size of the Helsinki Heart Study, this result is not statistically- 

K A E gnificantly different from the 29% excess mortality seen in the clofibrate group in the 
L- Separate WHO study. Noncoronary heart disease related mortality showed a 58% 
a wane trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
b. - trial and in the 1¥2 years since the trial was completed was 39 in the Lopid group and 29 
inthe placebo group (difference not statistically significant). This includes 5 basal cell 

] carcinomas in the Lopid group and none in the placebo group (p- 0.06; historical data 
De predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
... from malignancies were not statistically 
^ . different between Lopid and placebo sub- 

— . groups. Follow-up of the Helsinki Heart 

_ Study participants will provide further infor- 
d F: mation on cause-specific mortality and 

e cancer morbidity. 

— . 2.A gallstone prevalence substudy of 450 
a. Helsinki Heart Study participants showed a 
i trend toward a greater prevalence of gall- 





— — treatment group (7.5% vs 4.9% for the place- 
1— bo group, a 55% excess for the gemfibrozil 
E group). A trend toward a greater incidence 
—  ofgallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
m . cess). This result did not differ statistically 
w E - from the increased incidence of cholecystectomy observed in the WHO study in the 

as group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
a excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
i peices are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
b Hemonsirated and because liver and interstitial cell testicular tumors were increased in 
D. - rats Lopid should be administered only to those patients described in the INDICATIONS 
p. AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 

. be discontinued. 

_ 4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
b are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 

E: _that the prothrombin level has stabilized. 

.... § Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
- rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
ws leading in a high proportion of cases to acute renal failure. In most subjects who have 
AR had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
fee eh with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
E m ibdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
E ne, including Lopid, may occasionally be associated with myositis. Patients receiving 
us = Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
.. medical evaluation for myositis, including serum creatine kinase level determination. If 
“aes is suspected or diagnosed, Lopid therapy should be withdrawn. 
6 Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
E o of male rats treated with gemfibrozil at 10 times the human dose. 
CAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
‘thatthe lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
. temp tsho Jld be made to control serum lipids with appropriate diet, exercise, weight loss 
obese patients, and control of any medical problems such as diabetes mellitus and 
- hypothyroidism that are contributing to the lipid abnormalities. 

B oed Therapy — Periodic determination of serum lipids should be obtained, 
1d J the í drug withdrawn if lipid response is inadequate after 3 months of therapy. 

. 8 Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 

ger m prozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 

"i Men bined therapy or after several months. In most subjects who have had an unsatisfac- 
Ps id response to either drug alone, the possible benefit of combined therapy with 

CE statin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 

lomyolysis, and acute renal failure. There is no assurance that periodic monitoring of 

l Mite eatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

: EC (8) Ar julants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
ANTS ARE | GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
OW DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
E E PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
a9 wu ^ EFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

“4 Carcin s, Mutagenesis, Impairment of Fertility — Long-term studies 
"ave been conducted in rats and mice at one and ten times the human dose. The inci- 
fy; nce of benign liver nodules and liver carcinomas was significantly increased in high 
p veris rats. The incidence of liver carcinomas increased also in low dose males, 
A  butthis increase was not statistically significan pen .1). In high dose female rats, there 
t seem significant i increase in the combined incidence of benign, and malignant liver 
plasms. In male and female mice, there were no statistically significant differences 
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ES tontas inttelincider e of liver Tumors WET: 


LOPID 


gemfibrozil 
RAISES HDL...DRAMATICALLY 
REDUCES HEART ATTACK 


e NOME 
aen ee nee 
shown to be carcinogenic with other fibrates. Ene 
Male rats had a dose-related and statistically significant Buts of ton Leydig cel 
tumors at 1 and 10 times the human dose. e 
Electron microscopy studies have demonstrated a florid hepatic. peroxisome deka Saat 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- gx. 
pared before and after treatment in the same individual. 
Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 
5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human -~ 
dose. These studies have revealed no evidence of impaired fertility in females or MR 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates Ac. A 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. £ 
There are no studies in pregnant women. In view of the fact that Lopidistumorigenicin = 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- A 
* 









tients where the benefit clearly outweighs the possible risk to the patient or fetus. 2 d 
6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- ; 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 

the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for upto 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. po 

From other studies it seems probable that Lopid is causally related to the occurrence I $. 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were - 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Predictable therapy 


100-mg and 150-mg CAPSULES 


NORPACE CR... 


(disopyramide phosphate 
extended-release) 


» In clinical studies, Norpace (disopyramide 


phosphate) had a low incidence of aggrava- 


tion of arrhythmia among marketed agents 
tested." ° 


» Few late-appearing side effects. Side effects 


are usually predictable and manageable.’ 
e Low drug-related drop-out rate.’ 


e Safety profile established through 12 years 


of Norpace use. 


References: 1. Podrid PJ, Lampert S, Graboys TB, et al: 
Aggravation of arrhythmia by antiarrhythmic drugs— 
Incidence and predictors. Am J Cardiol 1987:59:38E-44E. 
2. Velebit V, Podrid P, Lown B, et al: Aggravation and provo- 
cation of ventricular arrhythmias by antiarrhythmic drugs. 
Circulation 1982;65:886-894. 3. Poser RF, Podrid PJ, 
Lombardi F, et al: Aggravation of arrhythmia induced with 
antiarrhythmic drugs during electrophysiologic testing. 
Am Heart J 1985;110 (July):9-16. 4. DiBianco R, Larca LJ, 
Singh SN, et al: A comprehensive clinical review of the 
standard, oral antiarrhythmic agents. Cardiovasc Rev Rep 
1985;6:625-646. 5. Arif M, Laidlaw JC, Oshrain C, et al: 

A randomized, double-blind, parallel group comparison 
of disopyramide phosphate and quinidine in patients 

with cardiac arrhythmias. Angiology 1983;34:393-400. 
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Norpace? Capsules 
(disopyramide phosphate) 


Norpace? CR Capsules 
(disopyramide phosphate extended-release) 


Brief Summary 


Before prescribing, please consult current complete prescribing information, a summary of 
which follows: Indications: For suppression and prevention of recurrence of the following 
cardiac arrhythmias: unifocal premature (ectopic) ventricular contractions; premature 
(ectopic) ventricular contractions of multifocal origin; paired premature ventricular contrac- 
tions (couplets); and episodes of ventricular tachycardia (persistent ventricular tachycardia is 
ordinarily treated with DC-cardioversion). Norpace is equally effective in both digitalized and 
nondigitalized patients. It is also equally effective in treating primary cardiac arrhythmias and 
those which occur in association with organic heart disease including coronary artery 
disease. Norpace CR should not be used initially if rapid establishment of disopyramide 
plasma levels is desired. Oral disopyramide phosphate has not been adequately studied in 
patients with acute myocardial infarction or with persistent ventricular tachycardia or atrial 
arrhythmias and is not indicated for arrhythmias due to digitalis intoxication. The value of 
antiarrhythmic drugs in preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. Contraindications: Cardiogenic shock, preexisting 
second- or third-degree AV block (if no pacemaker is present), congenital Q-T prolongation, 
or known hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or 
worsen congestive heart failure (CHF) or produce severe hypotension as a conse- 
quence of its negative inotropic properties. Hypotension has been observed primar- 
ily with primary cardiomyopathy or inadequately compensated CHF. Norpace or 
Norpace CR should not be used in patients with uncompensated or marginally 
compensated CHF or hypotension unless the condition is secondary to cardiac 
arrhythmia. Patients with a history of heart failure may he treated with Norpace or 
Norpace CR, but careful attention must be given to maintaining cardiac function, 
including optimal digitalization. If hypotension occurs or CHF worsens, Norpace or 
Norpace CR should be discontinued and, if necessary, restarted at a lower dosage 
only after adequate cardiac compensation has been established. Norpace or 
Norpace CR should be discontinued if significant widening (greater than 25%) of 
the QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsen- 
ing of the arrhythmia may occur. Patients who have evidenced prolongation of the 
Q-T interval in response to quinidine may he at particular risk. As with other Type 
1A antiarrhythmics, disopyramide has been associated with torsade de pointes. 
If Q-T prolongation greater than 25% is observed and if ectopy continues, 
the patients should be monitored closely, and discontinuation of Norpace or 
Norpace CR considered. In rare instances significant hypoglycemia has been 
reported during Norpace therapy. The concomitant use of Norpace or Norpace CR 
with other Type 1 antiarrhythmic agents and/or propranolol should be reserved for 
patients with life-threatening arrhythmias who are demonstrably unresponsive to 
single agent antiarrhythmic therapy. Such use may produce serious negative 
inotropic effects, or may excessively prolong conduction. Patients receiving more 
than one antiarrhythmic drug must be carefully monitored. If first-degree heart 
block develops, the dosage of Norpace or Norpace CR should be reduced. If the 
block persists, continuation of Norpace or Norpace CR must depend upon an 
assessment of benefit versus risk. Development of second- or third-degree AV 
block or uni-, bi-, or trifascicular block requires discontinuation of drug unless the 
ventricular rate is adequately controlled by a pacemaker. Because of its anticholin- 
ergic activity, disopyramide phosphate should not be used in patients with glau- 
coma, myasthenia gravis, or urinary retention unless adequate overriding measures 
are taken. In patients with a family history of glaucoma, intraocular pressure should 
be measured before initiating Norpace or Norpace CR therapy. Precautions: Patients 
with atrial flutter or fibrillation should be digitalized prior to Norpace or Norpace CR 
administration to ensure that drug-induced enhancement of AV conduction does not allow a 
ventricular rate beyond physiologically acceptable limits. The effect of Norpace or Norpace CR 
is presently uncertain in patients with sick sinus syndrome, Wolff-Parkinson-White 
syndrome, or bundle branch block. Patients with myocarditis or other cardiomyopathy may 
develop significant hypotension in response to the usual dosage of disopyramide phosphate. 
Therefore, a loading dose of Norpace should not be given to such patients, and initial dosage 
and. subsequent dosage adjustments should be made under close supervision. Norpace 
dosage should be reduced in patients with impaired renal or hepatic function and the 
electrocardiogram carefully monitored for signs of overdosage. Norpace CR is not recom- 
mended for patients with severe renal insufficiency. Antiarrhythmic drugs may be ineffective 
in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before starting 
Norpace or Norpace CR therapy. Concomitant administration of disopyramide phosphate with 
phenytoin or other hepatic enzyme inducers may cause lower disopyramide plasma levels. 
Concomitant administration with other antiarrhythmics may cause excessive widening of the 
QRS complex and/or prolongation of the Q-T interval. Concomitant administration with 
quinidine resulted in slight increases in disopyramide levels and slight decreases in quinidine 
levels. Pregnancy Category C. Norpace was associated with decreased numbers of implanta- 
tion sites and decreased growth and survival of pups when administered to pregnant rats at 
250 mg/kg/day, a level at which weight gain and food consumption of dams were also 
reduced. Increased resorption rates were reported in rabbits at 60 mg/kg/day. Safe use in 
pregnancy has not been established. Disopyramide has been found in human fetal blood. 
Norpace has been reported to stimulate contractions of the pregnant uterus. Use of 
Norpace or Norpace CR in pregnant women requires that the potential benefit be weighed 
against possible hazards to the fetus. Effects of Norpace or Norpace CR on the fetus during 
delivery or on the course of labor and delivery are unknown. Following oral administration, 
disopyramide has been found in human milk at a concentration not exceeding that in plasma. 
Because of the potential for serious adverse reactions in nursing infants from Norpace or 
Norpace CR, a decision should be made whether to discontinue nursing or discontinue the 
drug, taking into account the importance of the drug to the mother. Adverse Reactions: 
Dry mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary 
retention especially in males with benign prostatic hypertrophy, urinary frequency and 
urgency, impotence, nausea, pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, 
dizziness, general fatigue/muscle weakness, headache, malaise, aches/pains, hypotension, 
congestive heart failure, cardiac conduction disturbances, edema /weight gain, shortness of 
breath, syncope, chest pain, generalized rash/dermatoses, itching, hypokalemia, elevated 
cholesterol /triglycerides, depression, insomnia, dysuria, numbness/tingling, elevated liver 
enzymes, AV block, elevated BUN, elevated creatinine, decreased hemoglobin /hematocrit, 
and hypoglycemia. Acute psychosis, cholestatic jaundice, and agranulocytosis, all three 
reversible, have been reported, as have fever, respiratory difficulty, thrombocytopenia, and 
gynecomastia. Some cases of lupus erythematosus (LE) symptoms have occurred, mostly in 
patients switched from procainamide to disopyramide following the development of LE 
symptoms. Dosage and Administration: Dosage must be individualized on the basis of 
response and tolerance. The usual adult dosage is 400 to 800 mg/day given in divided 
doses: q6h for Norpace and q12h for Norpace CR. See current complete prescribing 
information for dosage recommendations. 

10/26/89 « P89-J7438V-2 


Address medical inquiries to: 
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4901 Searle Parkway 

Skokie, IL 60077 
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Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 





others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 


Pharmaceutical 
Manufacturers 


Association 


IF A NEW MEDICINE CAN HELP 
WE'RE WORKING ON IT. 
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METHODS 


$9 uu o oA dane endl o, eiie ui mar otia Pe iiu 
A Simplified Normalized Ejection Phase Index Measured by 
Doppler Echocardiography for the Assessment of Left 
Ventricular Performance 

Karl Isaaz, Gerard Ethevenot, Philippe Admant, Beatrice Brembilla, and 
Claude Pernot 


Peak aortic blood velocity measured by Doppler echocardiography is 
useful for the assessment of directional changes in left ventricular (LV) 
performance in individual subjects. However, peak aortic blood velocity is 
of limited value for differentiating among patients with different levels of 
cardiac function. This limitation may be due to the absence of a normal- 
ization factor. A dimensional analysis of ejection dynamics based on an 
elliptical ventricular model shows that peak aortic blood velocity is not 
only related to the myocardium contractility but is also dependent on the ' 
equatorial LV to aortic cross-sectional areas ratio. Consequently, the 
value in the assessment of LV performance of peak aortic blood velocity 
normalized by the LV to aortic cross-sectional areas ratio was investi- 
gated, using Doppler echocardiography, in 25 patients undergoing cathe- 
terization. Peak aortic blood velocity normalized by the instantaneous 
ratio of cross-sectional areas correlated closely with angiographic ejection 
fraction (r = 0.90, p «0.0001) and differentiated better than peak aortic 
blood velocity alone between normal and abnormal LV function. The 
correlation remained good (r — 0.89, p «0.0001) when peak aortic blood 
velocity was normalized by the cross-sectional areas ratio calculated at 
end-diastole with a high sensitivity, specificity and accuracy for detecting 
abnormal LV function. Thus, this study provides a simple and reliable 
index of global LV performance easily measurable by Doppler echocardi- 
ography. 


CARDIOVASCULAR PHARMACOLOGY 


1252 
Steady-State Interaction Between Amiodarone and Phenytoin 
in Normal Subjects 

Paul E. Nolan, Jr., Brian L. Erstad, Gifford L. Hoyer, Marla Bliss, 
Kathleen Gear, and Frank |. Marcus 





We evaluated the effects of amiodarone on the steady-state pharmacoki- 
netics of phenytoin in healthy, male, human subjects. Compared to pheny- 
toin alone, coadministration of amiodarone and phenytoin resulted in an 
increased area under the phenytoin serum concentration-time curve, a 
decreased oral clearance of phenytoin and increased maximum and 24- 
hour phenytoin serum concentrations. Because there were no differences 
in the unbound percentage of the total phenytoin serum concentration 
between treatments and a decreased urinary excretion of 5-(p-hydroxy- 


Continued on page A47 >. 
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New evidence continues to 
confirm the essential value of 


LANOXIN in CHF. 








Improved ejection fraction Improved exercise tolerance 


[n a recent double-blind, placebo-controlled study! In a new placebo-controlled study* of CHF patients 


in patients with normal sinus rhythm, digoxin pro- with normal sinus rhythm and on diuretics, exer- 

duced a significant increase in ejection fraction cise tolerance (treadmill) was improved 14% 

compared to captopril (P«.05) and placebo (P«.05) by digoxin. In this study, digoxin pro- A 
(P<.01). By contrast, there was no significant duced favorable effects on cardiac function beyond 
difference between captopril and placebo. those of the diuretic alone. Another study* showed 


that digoxin significantly improved exercise toler- 
ance and O, consumption over placebo. In the 
latest digoxin/captopril study, there was no signifi- 
cant statistical difference between the two drugs 
with regard to effects on exercise tolerance and 


Improvement in ejection fraction represents 
improvement in myocardial contractile perfor- 
mance and better emptying of the left ventricle. 





TR Percent Improvement in Ejection Fraction* functional class. 
20 Percent Improvement in Exercise Tolerance” 
15 
10 
5 
Digoxint Captopril Placebo Ae 
9 — p P 0 P Diuretic Baseline : 
* Adapted from the Captopril-Digoxin Multicenter Research Group study. Digoxin i 


T P<.05 compared to captopril; P<.01 compared to placebo. : 
* Adapted from DiBianco et al. 


E & 

Improved cardiac output References: 1. The Captopril-Digoxin Multicenter Research Group: Comparative 3) 

de . H A ; effects of therapy with captopril and digoxin in patients with mild to moderate heart T 

The positive inotropic effect of digoxin failure. JAMA 1988;259:539-544. 2. DiBianco R, Shabetai R, Kostuk W, et al: Oral E 

: 1 1 milrinone and digoxin in heart failure: Results of a placebo-controlled, prospective r^ 

(as measured IB part by improved cardiac output) trial of each agent and the combination, abstract. Circulation 1987;76(suppl 4):256. E 

was associated with improved left ventricular 3. Arnold SB, Byrd RC, Meister W, et al: Long-term digitalis therapy improves left ‘a 

i 3 ic cj i+; 1 ventricular function in heart failure. N Engl J Med 1980;303:1443-1448. 4. Alicandri C, B 

(LV) function f This significant improvement Fariello R, Boni E, et al: Comparison of captopril and digoxin in mild to moderate heart og 

in cardiac output was seen in patients at rest as failure. Postgrad Med J 1986;62(suppl 1):170-175. AM 
well as during exercise. Long-term therapy with T 

digoxin contributed to the maintenance of LV | bal 
function as indicated by both a decrease in cardiac E. 

output when digoxin was stopped and a restoration |N THE EARLY TREATMENT OF CHF E. 


to treatment levels with readministration 
of the drug. 





LANOXIN — 

digoxin) Tablets — 
Unique inotropic 
support for b. 
the failing heart. —— 


E | See brief summary of prescribing information on following page. — 
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LANOXIN® oson TABLET S 
125 ug (0.125 mg) Scored I.D. Imprint Y3B (yellow) 
250 wg (0.25 mg) Scored |.D. Imprint X3A (white) 


500 ug 0.5 mg) Scored I.D. Imprint T9A (green) 


3efore using Lanoxin Tablets, the physician should be thoroughly familiar with 

the basic pharmacology of this drug as well as its drug interactions, indications, 

and usage. 

Ji : Lanoxin is digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having 

n common specific effects on the myocardium. 

deart Failure: The increased cardiac output resulting from the inotropic action of digoxin ameliorates the distur- 

vances characteristic of heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 

Joxin is more effective in “low output" (pump) failure than in “high output" heart failure secondary to arteriovenous 

tula, anemia, infection or hyperthyroidism. 

Jigoxin is usually continued after failure is controlled, unless some known precipitating factor is corrected. Studies 
€ shown, however, that even though hemodynamic effects can be demonstrated in almost all patients, corres- 










nding improvement in the signs and symptoms of heart failure is not necessarily apparent. Therefore, in patients in 
yhom digoxin may be difficult to regulate, or in whom the risk of toxicity may be great (e.g., patients with unstable 
'enal function or whose potassium levels tend to fluctuate) a cautious withdrawal of digoxin may be considered. If 
ligoxin is discontinued, the patient should be regularly monitored for clinical evidence of recurrent heart failure. 
ONS: Digitalis glycosides are contraindicated in ventricular fibrillation. 
n a given patient, an untoward effect requiring permanent discontinuation of other digitalis preparations usually 
! a contraindication to digoxin. Hypersensitivity to digoxin itself is a contraindication to its use. Allergy to 
n. though rare, does occur. It may not extend to all such preparations, and another digitalis glycoside may be 
‘ied with caution. 


: Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other 

lis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse 
the use of these drugs solely for the treatment of obesity is dangerous. 

\r , nausea, vomiting and arrhythmias may accompany heart failure or may be indications of digitalis 
oxication. Clinical evaluation of the cause of these symptoms should be attempted before further digitalis 

[ ation. In such circumstances determination of the serum digoxin concentration may be an aid in deciding 

hi or not digitalis toxicity is likely to be present. If the possibility of digitalis intoxication cannot be excluded, 

d glycosides should be temporarily withheld, if permitted by the 







atients with renal insufficiency require smaller than usual maintenance 
loses of digoxin (see DOSAGE AND ADMINISTRATION section in the com- 
dete prescribing information). 
deart failure accompanying acute glomerulonephritis requires extreme care 
n digitalization. Relatively low loading and maintenance doses and concomi- 
ant use of antihypertensive drugs may be necessary and careful monitoring 
s essential. Digoxin should be discontinued as soon as possible. 

atients with severe carditis, such as carditis associated with rheumatic 
ever or viral myocarditis, are especially sensitive to digoxin-induced distur- 
yances of m. 
Newborn infants display considerable variability in their tolerance to digox- 
n. Premature and immature infants are particularly sensitive, and dosage 
must not only be reduced but must be individualized according to their 
degree of maturity. 

x Digitalis glycosides are an important cause of accidental poisoning in 

ren. 

PRECAUTIONS: 
p" Digoxin toxicity develops more frequently and lasts longer in 
à with renal impairment because of the decreased excretion of digox- 
n. Therefore, it should be anticipated that dosage requirements will be 
Jecreased in patients with moderate to severe renal disease (see DOSAGE 
AND ADMINISTRATION section in the complete prescribing information). 
pew» of the prolonged half-life, a longer period of time is required to 
shieve an initial or new steady-state concentration in patients with renal 
mpairment than in patients with normal renal function. 
| patients with hypokalemia, toxicity may occur despite serum digoxin 
INCI ns within the “normal range", because potassium depletion 
tizes the myocardium to digoxin. Therefore, it is desirable to maintain 
lormal serum potassium levels in patients being treated with digoxin. Hypokalemia may result from diuretic, 
imphotericin B or corticosteroid therapy, and from dialysis or mechanical suction of gastrointestinal secretions. It 
andr accompany malnutrition, diarrhea, prolonged vomiting, old age and long-standing heart failure. In general, 





changes in serum potassium or other electrolytes should be avoided, and intravenous treatment with potassium 
ould be reserved for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 
JY OVERDOSAGE section). 
zalcium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in 
ligitalized patients. Hypercalcemia from any cause predisposes the patient to digitalis toxicity. On the other hand, 
typocalcemia can nullify the effects of digoxin in man; thus, digoxin may be ineffective until serum calcium is restored 
0 normal. These interactions are related to the fact that calcium affects contractility and excitability of the heart in a 
nanner similar to digoxin. 
dypomagnesemia may predispose to digitalis toxicity. If low magnesium levels are detected in a patient on digoxin, 
ep therapy should be instituted. 

nidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 
ntoxication may result. This rise appears to be proportional to the dose. The effect is mediated by a reduction in the 
ligoxin clearance and, in the case of quinidine, decreased volume of distribution as well. 
Zertain antibiotics may increase digoxin absorption in patients who convert digoxin to inactive metabolites in the gut 
‘see Pharmacokinetics portion of the CLINICAL PHARMACOLOGY section in the complete prescribing information). 
Recent studies have shown that specific colonic bacteria in the lower gastrointestinal tract convert digoxin to 
'ardioinactive reduction products, thereby reducing its bioavailability. Although inactivation of these bacteria by 
intibiotics is rapid, the serum digoxin concentration will rise at a rate consistent with the elimination half-life of 
goxin. The magnitude of rise in serum digoxin concentration relates to the extent of bacterial inactivation, and may 
as much as two-fold in some cases. Patients with acute myocardial infarction or severe pulmonary disease may be 
usually sensitive to digoxin-induced disturbances of rhythm. 
\trial arrhythmias associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 
reatment. Large doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be 
aken to avoid toxicity if large doses of digoxin are required. In hypothyroidism, the digoxin requirements are 
‘edt Digoxin responses in patients with compensated thyroid disease are normal. 

uction of digoxin dosage may be desirable prior to electrical cardioversion to avoid induction of ventricular 
rhythmias, but the physician must consider the consequences of rapid increase in ventricular response to atrial 
ril if digoxin is withheld 1 to 2 days prior to cardioversion. If there is a suspicion that digitalis toxicity exists, 
Nective cardioversion should be delayed. If it is not prudent to delay cardioversion, the energy level selected should 
ye minimal at first and carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 
ncomplete AV block, especially in patients with Stokes-Adams attacks, may progress to advanced or complete heart 
lock if digoxin is given. 
Ee with sinus node disease (i.e. Sick Sinus Syndrome), digoxin may worsen sinus bradycardia or sino- 
itr : 
n patients with Wolff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of 
mpulses through the accessory pathway. This effect may result in extremely rapid ventricular rates and even 

tricular fibrillation. 
igoxin may worsen the outflow obstruction in patients with idiopathic hypertrophic subaortic stenosis (IHSS). 
Jnless cardiac failure is severe, it is doubtful whether digoxin should be employed. 
"tients with chronic constrictive pericarditis may fail to respond to digoxin. In addition, slowing of the heart rate by 
ligoxin in some patients may further decrease cardiac output. 
conos heart failure from amyloid heart disease or constrictive cardiomyopathies respond poorly to treatment 
p goxin. 
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Digoxin is not indicated for the treatment of sinus tachycardia unless it is associated with heart failure. 
Digoxin may produce false positive ST-T changes in the electrocardiogram during exercise testing. 
Intramuscular injection of digoxin is extremely painful and offers no advantages unless other routes of administration 
are contraindicated. 
Laboratory Tests: Patients receiving digoxin should have their serum electrolytes and renal function (BUN and/or 
serum Creatinine) assessed periodically; the frequency of assessments will depend on the clinical setting. For 
discussion of serum digoxin concentrations, see DOSAGE AND ADMINISTRATION section in the complete prescribing 
information. 
Drug interactions: Potassium-depleting corticosteroids and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the 
implication that digitalis intoxication may result. Certain antibiotics increase digoxin absorption in patients who 
inactivate digoxin by bacterial metabolism in the lower intestine, so that digitalis intoxication may result. Propantheline 
and diphenoxylate, by decreasing gut motility, may increase digoxin absorption. Antacids, kaolin-pectin, sulfasalazine, 
neomycin, cholestyramine and certain anticancer drugs may interfere with intestinal digoxin absorption, resulting in 
unexpectedly low serum concentrations. There have been inconsistent reports regarding the effects of other drugs on 
the serum digoxin concentration. Thyroid administration to a digitalized hypothyroid patient may increase the dose 
requirement of digoxin. Concomitant use of digoxin and sympathomimetics increases the risk of cardiac arrhythmias 
because both enhance ectopic pacemaker activity. Succinylcholine may cause a sudden extrusion of potassium from 
muscle cells, and may thereby cause arrhythmias in digitalized patients. Although 8 adrenergic blockers or calcium 
channel blockers and digoxin may be useful in combination to control atrial fibrillation, their additive effects on AV node 
conduction can result in complete heart block. 
Due to the considerable variability of these interactions, digoxin dosage should be carefully individualized when 
patients receive coadministered medications. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: There have been no long-term studies performed in animals to 
evaluate carcinogenic potential. 
Pregnancy: Teratogenic Effects: Pregnancy Category C. Animal reproduction studies have not been conducted with 
digoxin. It is also not known whether digoxin can cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Digoxin should be given to a pregnant woman only if clearly needed. 
Nursing Mothers: Studies have shown that digoxin concentrations in the mother's serum and milk are similar. However, 
the estimated daily dose to a nursing infant will be far below the usual infant maintenance dose. Therefore, this amount 
should have no pharmacologic effect upon the infant. Nevertheless, caution should be exercised when digoxin is 
administered to a nursing woman. 
ADVERSE REACTIONS: The frequency and severity of adverse reactions to digoxin depend on the dose and route of 
administration, as well as on the patient's underlying disease or concomitant therapies (see PRECAUTIONS section). 
The overall incidence of adverse reactions has been reported as 5 to 20%, with 15 to 20% of them being considered 
Serious (one to four percent of patients receiving digoxin). Evidence suggests that the incidence of toxicity has 
decreased since the introduction of the serum digoxin assay and improved 
standardization of digoxin tablets. Cardiac toxicity accounts for about one- 
half, gastrointestinal disturbances for about one-fourth, and CNS and other 
toxicity for about one-fourth of these adverse reactions. 

Its: 


Cardiac—Unifocal or multiform ventricular premature contractions, 
especially in bigeminal or trigeminal patterns, are the most common ar- 
rhythmias associated with digoxin toxicity in adults with heart disease. 
Ventricular tachycardia may result from digitalis toxicity. Atrioventricular 
(AV) dissociation, accelerated junctional (nodal) rhythm and atrial tachycar- 
dia with block are also common arrhythmias caused by digoxin overdosage. 
Excessive slowing of the pulse is a clinical sign of digoxin overdosage. AV 
ve (Wenckebach) of increasing degree may proceed to complete heart 
ock. 
Note: The electrocardiogram is fundamental in determining the presence and 
nature of these cardiac disturbances. Digoxin may also induce other changes 
in the ECG (e.g. PR prolongation, ST depression), which represent digoxin 
effect and may or may not be associated with digitalis toxicity. 
Gastrointestinal—Anorexia, nausea, vomiting and less commonly diarrhea 
are common early symptoms of overdosage. However, uncontrolled heart 
failure may also produce such symptoms. Digitalis toxicity very rarely may 
cause abdominal pain and hemorrhagic necrosis of the intestines. 
CNS—Visual disturbances (blurred or yellow vision), headache, weakness, 
apathy and psychosis can occur. 
Other—Gynecomastia is occasionally observed. 
infants and Children: Toxicity differs from the adult in a number of respects. 
Anorexia, nausea, vomiting, diarrhea and CNS disturbances may be present 
but are rare as initial symptoms in infants. Cardiac arrhythmias are more 
reliable signs of toxicity. Digoxin in children may produce any arrhythmia. 
The most commonly encountered are conduction disturbances or supra- 
ventricular tachyarrhythmias, such as atrial tachycardia with or without block, and junctional (nodal) tachycardia. 
Ventricular arrhythmias are less common. Sinus bradycardia may also be a sign of impending digoxin intoxication, 
especially in infants, even in the absence of first degree heart block. Any arrhythmia or alteration in cardiac conduction 
that develops in a child taking digoxin should initially be assumed to be a consequence of digoxin intoxication. 
TMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: 
Adults: Digoxin should be discontinued until all signs of toxicity are gone. Discontinuation may be all that is necessary if 
toxic manifestations are not severe and appear only near the expected time for maximum effect of the drug. 
Potassium salts are commonly used, particularly if hypokalemia is present. Potassium chloride in divided oral doses 
totaling 3 to 6 grams of the salt (40 to 80 mEq K+) for adults may be given provided renal function is adequate (see 
below for potassium recommendations in Infants and Children). 
When correction of the arrhythmia is urgent and the serum potassium concentration is low or normal, potassium 
should be administered intravenously in 5% dextrose injection. For adults, a total of 40 to 80 mEq (diluted to a 
concentration of 40 mEq per 500 ml) may be given at a rate not exceeding 20 mEq per hour, or slower if limited by pain 
due to local irritation. Additional amounts may be given if the arrhythmia is uncontrolled and potassium well-tolerated, 
ECG monitoring should be performed to watch for any evidence of potassium toxicity (e.g. peaking of T waves) and to 
observe the effect on the arrhythmia. The infusion may be stopped when the desired effect is achieved. 
Note: Potassium should not be used and may be dangerous in heart block due to digoxin, unless primarily related to 
supraventricular tachycardia. 
Other agents that have been used for the treatment of digoxin intoxication include lidocaine, procainamide, propranolol 
and phenytoin, although use of the latter must be considered experimental. In advanced heart block, temporary 
ventricular pacing may be beneficial. Digoxin Immune Fab (Ovine), Digibind®, can be used to reverse potentially life- 
threatening digoxin (or digitoxin) intoxication. Improvement in signs and symptoms of digitalis toxicity usually begins 
within V2 hour of Digibind administration. Each 40 mg vial of Digibind will neutralize 0.6 mg of digoxin (which is a usual 
body store of an adequately digitalized 70 kg patient). 
Infants and Children: See Adult section for general recommendations for the treatment of arrhythmias produced by 
overdosage and for cautions regarding the use of potassium. 
If a potassium preparation is used to treat toxicity, it may be given orally in divided doses totaling 1 to 1.5 mEq K+ per 
kilogram (kg) body weight (1 gram of potassium chloride contains 13.4 mEq K+). 
When correction of the arrhythmia with potassium is urgent, approximately 0.5 mEq/kg of potassium per hour may be 
given intravenously, with careful ECG monitoring. The intravenous solution of potassium should be dilute enough to 
avoid local irritation; however, especially in infants, care must be taken to avoid intravenous fluid overload. 
DOSAGE AND ADMINISTRATION: Recommended dosages are average values that may require considerable 
modification because of individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended doses. 
In deciding the dose of digoxin, several factors must be considered: 
1. The disease being treated. Atrial arrhythmias may require larger doses than heart failure. 
2. The body weight of the patient. Doses should be calculated based upon lean or ideal body weight. 
3. The patient's renal function, preferably evaluated on the basis of creatinine clearance. 
4. Age is an important factor in infants and children. 
9. Concomitant disease states, drugs or other factors likely to alter the expected clinical response to digoxin (see 
PRECAUTIONS and Drug Interactions sections). 
Consult complete product information before prescribing. 


Copr. © 1988 Burroughs Wellcome Co. All rights reserved. ad 
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THERAPY THAT 
MAY BE AS 
SILENT AS 
HYPERTENSION 
ITSELF 


VASOTEC” (Enalapril Maleate, MSD) 
is generally well tolerated and 
not characterized by certain 
undesirable effects associated 
with selected agents in other 
antihypertensive classes. 


VASOTEC is contraindicated in patients who are 
hypersensitive to this product and in patients with a 
history of angioedema related to previous treatment 
with an ACE inhibitor. 


A diminished antihypertensive effect toward 
the end of the dosing interval can occur 
in some patients. 


For a Brief Summary of Prescribing Information, please 
see the last page of this advertisement. 


Copyright © 1989 by Merck & Co., INC. 
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been clearly defined, VASOTEC® (Enalapril Maleate, MSD) should be used during pregnancy only if the potential ben- 
efit justifies the potential risk to the fetus. 


















| (ENALAPRIL MALE AT E | MSD) Postmarketing experience with all ACE inhibitors thus far suggests the following with regard to pregnancy outcome. 
: rare et et ran ER mE Eder i 
: etal exposure during the second and third trimesters of pregnancy has been associated wi : 
VASOTEC is available in 2.5-mg, 5-mg, 10-mg, and 20-mg tablet strengths. bidity and mortality. . 


When ACE inhibitors are used during the later stages of pregnancy, ere ix pen wadd yi on ~ 
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hr. Jeter VASOTEC (Enalapril Maleate, MSD) is contraindicated in patients who are hypersensitive to senting decreased renal function in the fetus. Infants exposed in utero to ACE inhibitors should be closely observed 


t s 3 this product and in patients with a history of angioedema related to previous treatment with an ACE inhibitor. for TDRCBUOf, olgura, and h pe aema iae ap coar, pend pen wee ee suppor [4 bop 
Wa - Angioedema: Angioedema ities. {i j in pressure and renal perfusion wi dministration of fluids essOrs a! i associ | 
qu e mede een ma: ivre 20 he I CASOTEC. In such deni otis, andar anim as corned prematurity such as patent ductus arteriosus have occurred in association with maternal use of ACE inhibitors, but it 
^ nd the patient carefully observed until the swelling disappears. In instances where swelling has been confined to the is not clear whether they are related to ACE inhibition, maternal hypertension, or the underlying prematurity. 
n ta and lips, the condition has generally resolved without treatment, although antihistamines have been useful in Nursing Mothers: Milk in eng rats contains radioactivity following administration of ^C enalapril maleate. It is not 
. relieving pesa An fossa d with i edema may be fa x n: there is — : ae idee ed n n a ed pnan milk. Pe many drugs are secreted in human milk, caution should 
. the r s, or lar cause a rmt on, a ate , 8.0., neou exerci en is given to a nursing mother. 
i i gp ONS. solion pts (05 "Wow Doer promptly aóminislere. (See ADVERSE pediatric Use: Safety and tectnendss in children have not been established. 
Pe: ‘ypatension olension: Excessive hypotension is rare in uncomplicated hypertensive patients treated with VASOTEC alone. Adverse Reactions: VASOTEC has been evaluated for safety in more than 10,000 patients, including over 1000 
3 (d ients with heart Sire diven VASOTEC commonly à some duction in blood pressure, especially with the first n enm La now more. VASOTEC has been found to be generally well tolerated in controlled clinical 
- . dose, but discontinuation of therapy for continuing symptomatic hypotension USUa y IS not necessary when dosing "a's involving patients. af ; : , N: 
instructions are followed; caution Should be observed when initiating therapy. (See DOSAGE AND ADMINISTRA- HYPERTENSION: The most frequent clinical adverse experiences in controlled trials were: headache (5.2%), dizziness 
-— TION.) Patients at risk for excessive otension, sometimes associated with oliguria and/or progressive azotemia (4.3%), and fatigue (396). 
-. and rarely with acute renal failure and/or death, include those with the following Conditions or characteristics: heart = Other adverse experiences occurring in greater than 1% of patients treated with VASCT EC in controlled clinical trials 
E Jallur, ati aropa, ee orgy? hace al — iu acreana Mic ird fed perii were: diarrhea (1.4%), nausea (1.4%), rash (1.4%), cough (1.3%), orthostatic effects (1.2%), and asthenia (1.1%). 
E. wih rt lue) rece diuretic dose, Jr increase salt Y take cautiously before initiating ray wi VASOTEC T TE n most (c pont ata arsch op ences in bath A cough pee dro 
- jn patients at risk for excessive hypotension who are able to tolerate such adjustments. (See PRECAUTIONS, Drug  PESS V vi. otension (6./%), orthostatic effects (2.2 7o), SYNCOPE \¢.c ^J, eh), in (2.1%), an 
A atl and ADVERSE REACTIONS.) in patients at risk for excessive hypotension, therapy should be started under diarrhea rA 
— very close medical supervision and such patients should be followed closely for the first two weeks of treatment and Other adverse experiences occurring in qur than 196 of patients treated with VASOTEC in both controlled and 
yu whenever the dose of enalapril and/or diuretic is increased. Similar considerations may apply to patients with isch- uncontrolled clinical trials were: fatigue ( 8%), headache (1.8%), coe (1.6%), asthenia (1.6%), orthosta- 
.— mic heart disease or cardiovascular disease in whom an excessive fall in blood pressure could result in a myocardial tic hypotension (1.6%), pod 1.656), angina pectoris (1.5%), nausea (1.3%) vomung on bronchitis (1.396), 
hypotension occurs, the patient should be placed in the supine dyspnea (1.3%), urinary tract in ection (1.3%), rash (1.3%), and myocardial infarction (1.2%). 


fusion of normal saline. A transient hypotensive response is not a ini i inn Si i i 
h usually can be given without dificult once the stood pressure Other serious clinical adverse experiences occurring since the drug was marketed or adverse experiences occurrin 


























-infarction or cerebrovascular accident. If excessive 
-. . position and, if necessary, receive an intravenous in 
-contraindication to further doses of VASOTEC, whic ) withot 

- has stabilized. If symptomatic hypotension develops, a dose reduction or discontinuation of VASOTEC or concomitant category: 


es 0€ may be necessary Cardiovascular: Cardiac arrest; myocardial infarction or cerebrovascular accident, possibly secondary to excessive 
ps Neutropenia/ Agranulocytos!s. Another ACE inhibitor, captopril, has been shown to cause agranulocytosis and bone hypotension in high-risk patients (see WARNINGS, Hypotension), pulmonary embolism and infarction; pulmonary 
= marrow depression, rarely in uncomplicated patients but more frequently in paren with renal impairment, especially ^ edema: rhythm disturbances; atrial fibrillation; palpitation 

if they also have a collagen vascular disease. Available data from clinical trials of enalapril are insufficient to showthat ^. Pda y i d cea : 
enalapril does not cause agranulocytosis at similar rates. Foreign marketing experience has revealed several cases of Digestive: lleus, pancreatitis, hepatitis (hepatocellular or cholestatic jaundice), melena, anorexia, dyspepsia, con- 
~~ neutropenia or agranulocytosis in which a causal relationship to enalapril cannot be excluded. Periodic monitoring of _Stipation, glossitis, stomatitis, dry mouth. 

- white blood cell counts in patients with collagen vascular disease an renal disease should be considered. Musculoskeletal: Muscle cramps. 


- General: Impaired Renal Function: As a consequence of inhibiting the renin-an iotensin-aldosterone ^ Nervous/Psychiatric: Depression, confusion, ataxia, somnolence, insomnia, nervousness, paresthesia. 


PA 
i : * d ta : 1 Ng 1 ` : 
po System. changes. E Was, may be antici sp peage d des a e pince aee AE Urogenital: Renal failure, oliguria, renal dysfunction (see PRECAUTIONS and DOSAGE AND ADMINISTRATION). 


-.. inhibitors, including VASOTEC, may be associated with oliguria and/or progressive azotemia and rarely with acute Respiratory: Bronchospasm, rhinorrhea, sore throat and hoarseness, asthma, upper respiratory infection. 
-renal failure and/or death. Skin: Exfoliative dermatitis, toxic epidermal necrolysis, Stevens-Johnson syndrome, herpes zoster, erythema multi- 
- — n clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis, increases in blood urea forme, urticaria, pruritus, alopecia, flushing, hyperhidrosis. 

= nitrogen and serum creatinine were observed in 20% of patients. These increases were almost always reversible upon Special Senses: Blurred vision, taste alteration, anosmia, tinnitus, conjunctivitis, dry eyes, tearing. 


discontinuation of enalapril and/or diuretic therapy. In such patients, renal function should be monitored during the A symptom complex has been reported which may include a positive ANA, an elevated erythrocyte sedime niation rate. 


j PAN 
-first few weeks of therapy. | c! HU ANA, an eleva le S 
* ik " * H " * 9. a? . ', ' f ` ' ' | H L ' , 
—— Some patients with hypertension or heart failure with no apparent preexisting renal vascular disease have developed rds A Alt ag ever, Serositis, vasculitis, leukocytosis, eosinophilia, photosensitivity rash, and other 


-increases in blood urea and serum creatinine, usually minor and transient, especially when VASOTEC has been given 


conc i Fratia This 1 i i i i 'mnai Angioedema: Angioedema has been reported in patients receiving VASOTEC (0.296). Angioedema associated with 
od oun a ns ad is more Hoey To oO may be male. a renal impairment. Dosage laryngeal edema may be fatal. If an oedema of the face, extremities, lips, tongue, goas and/or larynx occurs, treat- 
feel i of with ension or heart failure should always include ent of renal ment with VASOTEC should be discontinued and appropriate therapy ins ituted immediately. ( WARNINGS.) 
5 pp set reg i atonia AND ADMINISTRATION.) m T Hypotension: In the hypertensive patients, hypotension occurred in 0.9% and syncope occurred in 0.5% of patients 
nS E ; : ; i ; following the initial dose or during extended therapy. Hypotension or syncope was a cause for discontinuation of ther- 
= Hyperkalemia: Elevated serum potassium (7-5. mEq/L) was observed in ap roximately 1% of hypertensive patients apy in 039; of hypertensive patients. In heart failure patients, hypotension occurred in 6.7% and syncope occurred in 
Es .. jn Clinical trials. In most cases these were isolated values which resolved espite continued therapy. Hyper lemia 22% of patients. Hypotension or syncope was a Cause for discontinuation of therapy in 1.996 of patients with heart 
C w a cause of discontinuation o Ec 0.28% of tiyporions ve jatients. In clinical trials in heart failure, hyper- failure. (See WARNINGS.) 
-  kalemia was observed in 3.8% of patients, but was not à cause for discontinuation. Clinical Laboratory Test Findings: 


Risk factors for the development of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant 
- .. use of potassium-sp ring diuretics, potassium supplements, and/or potassium-containing salt substitutes, which Serum Electrolytes: Hyperkalemia (see PRECAUTIONS), hyponatremia. z 
-should be used cautiously, if at all, with VASOTEC. (See Drug Interactions.) Creatinine, Blood Urea Nitrogen: In controlled clinical trials, minor increases In blood urea nitrogen and serum cre- 
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pa- i ; ; ; ; e 1 atinine, reversible upon discontinuation of therapy, were observed in about 0.296 of patients with essential hyperten- 
AME e yi nay tock In patients undergoing major suger or during ees ve leaf hypoenion cos and s sion treated with VASOTEC alone. Increases are more likely to occur in patients recelving concomitant diuretics or in 
Considered to be due to this mechanism, it can be corrected by volume expansion patients with renal artery stenosis. (See PRECAUTIONS.) In patients with heart failure who were also receiving 
E Yuormati diuretics with or without digitalis, increases in blood urea nitrogen or serum creatinine, aue reversible upon dis- 

information for Patients. continuation of VASOTEC and/or other concomitant diuretic therapy, were observed in about 11% of patients. 


e. Angioedema: Angioedema noting larynigaai dene c occur especially tolong wh Aca set yet increases in blood urea nitrogen or creatinine were a cause for discontinuation in 1.2% of patients. 

p. ! uld be So advised an o report immediately any signs or symptoms suggesting angioedema swell- lobin and Hematocrit: Small decreases in hemoglobin and hematocrit (mean decreases of approximate! 
= ing of face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to lake no more drug until they 0.3 oh and 1.0 vol %, respectively) occur frequently n either hypertension X heart failure patients treated it ~ 
have consulted with the prescribing physician. VASOTEC but are rarely of clinical importance unless another cause of anemia coexists. in clinical trials, less than J 
aL ion: Patients should be cautioned to report V deron especially during the first few days of therapy. if 0:196 of patients discontinued therapy due to anemia. 

= actual syncope occurs, the patients should be told to discontinue the drug until they have consulted with the prescrib- Other (Causal Relationship Unknown): In marketing experience, rare Cases of neutropenia, thrombocytopenia, and 
-ing physician. bone marrow depression have been reported. A few cases of hemolysis have been reported in patients with G6PD 
-All patients should be cautioned that excessive perspiration and dehydration may lead to an excessive fall in blood deficiency. 


| pressure because of reduction in fluid volume. ther causes of volume depletion such as vomiting or diarrhea may Liver Function Tests: Elevations of liver enzymes and/or serum bilirubin have occurred. 
also lead to a fall in blood pressure. patients should be advised to consult with the physician. Dosage and Administration: Hypertension: In patients who are currently being treated with a diuretic, symptomatic 
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Hyperkalemia: Patients should be told not to use salt substitutes containing potassium without consulting their hypotension occasionally may occur following the initial dose of VASOTEC. The diuretic should, if possible, be dis- 
Em. og) ANM continued for two to three days before beginning therapy with VASOTEC to reduce the likelihood of hypotension. (See 
ET. ja: Patients should be told to report promptly any indication of infection (e.g., sore throat, fever) which may WARNINGS.) If the patient's blood pressure is not con rolled with VASOTEC alone, diuretic therapy may be resumed. 
- . bea sign of neutropenia. if the diuretic cannot be discontinued, an initial dose of 2.5 mg should be used under medical supervision for at least 











NOTE: As with many et drugs, certain advice to patients being treated with enalapril is warranted. This information two hours and until blood pressure has stabilized for at least an additional hour. (See WARNINGS and PRECAU- 
-iş intended to aid in the safe and effective use of this medication. It is not a disclosure of all possible adverse or TIONS, Drug Interactions.) 


. intended effects. The recommended initial dose in patients not on diuretics is 5 mg once a day. Dosage should be ad 


i usted accordin 
—. Drug Interactions: to blood pressure response. The usual dosage range is 10 to 40 mg per day administered in a single dose or in wo 
Hypotension: Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was divided doses. In some patients treated once daily, the antihypertensive e ect may diminish toward the end of the 


-recently instituted may occasionally ex rience an excessive reduction of blood pressure after initiation of herap dosing interval. In such patients, an increase in dosage or twice-daily administration should be considered. If blood 


— . with enalapril. The possibilty ‘of hypotensive effects with enalapril can be minimized by either discontinuing t pressure is not controlled with VASOTEC alone, a diuretic may be added. 
salt i 
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e 
diuretic or increasing the salt intake prior to initiation of treatment with enalapril. If it is necessary to continue the Concomitant administration of VASOTEC with potassium su plements, potassium salt substitutes, or potassium- 
"diuretic, provide close medical supervision after the initial dose for at least two hours and until blood pressure has sparing diuretics may lead to increases of serum potassium (see PRECAUTIONS). 
- stabilized for at least an additional hour. (See WARNINGS and DOSAGE AND ADMINISTRATION.) Dosage Adjustment in Hypertensive Patients with Renal Impairment: The usual dose of enalapril is recommended for 
bi Agents Causing Renin Release: The antihypertensive effect of VASOTEC is augmented by antihypertensive agents that patients with a creatinine clearance > 30 mL/min (serum creatinine of up to approximately 3 moat) For patients 
= cause renin release (e.9., diuretics). with creatinine clearance = 30 mL/min (serum creatinine = 3 mg/dL), the first dose is 2.5 mg once daily. The dosage 
Other Cardiovascular Agents: VASOTEC has been used concomitantly with beta-adrenergic-blocking agents, methyl- may be titrated upward until blood pressure is controlled or to à maximum of 40 mg daily. 
m dopa, nitrates, calcium-blocking agents, hydralazine, prazosin, and digoxin without evidence of clinically significant Heart Failure: VASOTEC is indicated as adjunctive therap with diuretics and digitalis. The recommended startin 
z adverse interactions. dose is 2.5 mg m Y Vere daily. e tee dose 0 led D ep hp Nee p 3i prem 
E y ; M ; Ín2idad uas Supervision for at least two hours and until blood pressure ilized for at least an additional hour. (See - 
- Agents Increasing Serum Potassium: VASOTEC attenuates posesion loss caused by thiazide-type diuretics. NGS and PRECAUTIONS, Drug interactions.) If possible, the dose of the diuretic should be reduced, which may 
diminish the likelihood of hypotension. The appearance o DONC after the initial dose of VASOTEC does not 
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$ $ usual the tic dosing range for the treatment of heart fail ar t y p^ siepe Oo d real The 
TN i : pa i r nati ua autic dosing r. reatment 0 ailure is 5 to 20 mg daily given in i oses. 
E. yuk Sol magi Polassium-sparing agents should generally not be used in patients maximum daily dose is 40 mg. Once-daily dosing has been effective in a controlled study, but nearly all patients in 
D^ ME AEN i ; i ) this study were given 40 mg. e maximum recommended daily dose, and there has been much more experience with 
... Lithium ul l reported in patients receiving lithium concomitantly with drugs which cause elim- twice-daily dosing. In addition, in a placebo-controlled study which demonstrated reduced mortality in patients with >: 
a ination of sodium ph, ACE inhibitors. A few cases of lithium ed have been reported in patients ee severe heart failure me Class IV), patients were treated with 2.5 to 40 mg per day of VASOTEC, almost always *, 
= Concomitant VASOTEC and li SCI | Lis administered in two divided doses. ( CLINICAL PHARMACOLOGY, Pharmac ics and Clinical Effects.) Dosage 
j . Serum lithium levels be monitored frequently if enalapril is administered concomitantly with lithium. may be adjusted depending upon clinical or hemodynamic response. (See WARNINGS.) 


TA -Category C: There was no fetotoxicity or teratogenicity in rats treated with up to 200 /day of enalapril i in Patients wi i i : i 
ES as Ad ehe mai ty gonoy th up to 200 mg/kg/c Dosage Adjustment in Patients with Heart Failure and Renal Im or Hyponatremia: In patients with heart failure 
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yponatremia (serum sodium < 130 mEg/L) or with serum creat 
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n [pe il was not teratogenic in rabbits. However, maternal and fetal toxicity occurred in some rabbits at doses of aed at AR ie Unde a aon TRONS supervision, Gee DOSAGE AND ADMINISTRA o} SMO 

g,  Tmg/kg/day or more. Saline supplementation prevented the maternal and fetal toxicity seen at doses of 3 and 10 mg/ p jq. then 5 mg b.i.d. and higher as needed, usually at intervals of four days or more, if at the time 

.. kg/day, but not at 30 mg/kg/day (50 times the maximum human dose). of dosage adjustment there is not excessive hypotension or significant deterioration of renal func- 


mA Radioactivity was found to cross the placenta following administration of labeled enalapril to pregnant hamsters. tion. The maximum daily dose is 40 mg. 


Re There are no adequate and well-controlled studies of enalapril in pregnani women. However, data are available that. For more detailed information, const g 


} er, d MSD ive or see Prescribing In on, Merck ȘI 
EEr o E sses the human placenta. Because the risk of fetal toxicity with the use of ACE inhibitors has not Sharp & Dohme, Division of j Vel ig d iai iden 
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Prognostic Significance of Mitral Regurgitation 
in Acute Myocardial Infarction 


Benico Barzilai, MD, Vicki G. Davis, MS, Peter H. Stone, MD, Allan S. Jaffe, MD, 
and the MILIS Study Group 


To define the frequency, natural history and clinical 
correlates of the murmur of mitral regurgitation 
(MR) detected after myocardial infarction, clinical 
data from 849 patients with documented acute 
myocardial infarction were analyzed. A murmur 
suggestive of MR was present on admission in 76 
patients (9%). Patients with MR on admission were 
older and more apt to be female and nonwhite. 
They also had a significantly greater frequency of 
prior infarction and signs and symptoms of conges- 
tive heart failure. There was no difference in the lo- 
cation (anterior or inferior) of infarction. Patients 
with MR on admission had a 36% mortality com- 
pared to 16% for those who developed MR later in 
the hospitalization and 15% for those without MR 
by auscultation (p <0.001). Correction for differ- 
ences in baseline variables indicated that the pres- 
ence of MR on admission did not contribute inde- 
pendently to mortality. Thus, the murmur of MR 
derives its prognostic significance from integration 
of multiple clinical, radiographic and electrocardio- 
graphic characteristics. 

(Am J Cardiol 1990;65:1169-1175) 


From the Cardiovascular Division, Washington University School of 
Medicine, St. Louis, Missouri, and Cooperating Institutions of the 
Multicenter Investigation of the Limitation of Infarct Size. This study 
was supported by contracts NO1-HV-7-2940, 7-2941, 7-2942 and 7- 
2979 from the National Heart, Lung, and Blood Institute, National 
Institutes of Health, US Department of Health and Human Services, 
Bethesda, Maryland. Manuscript received September 6, 1989; revised 
manuscript received and accepted January 10, 1990. 

Address for reprints: Allan S. Jaffe, MD, Washington University 
School of Medicine, 660 South Euclid, Box 8086, St. Louis, Missouri 
63110. 


itral regurgitation (MR) occurs frequently 
Mi patients with myocardial infarction and is 

associated with diminished long-term sur- 
vival.'? However, the extent to which MR contributes 
to or is solely a marker of adverse prognosis is unclear.* 
The Multicenter Investigation of the Limitation of In- 
farct Size (MILIS) was designed to assess the effects of 
hyaluronidase, propranolol, or both, in patients with 
proven acute myocardial infarction.’ An extensive data 
set was collected for all patients including an initial his- 
tory, initial and sequential physical examinations, radio- 
nuclide tests of ventricular function, frequent enzymatic 
analyses and assessments of short- and long-term mor- 
tality. The database from this study thus offers a unique 
opportunity to further define the natural history of the 
murmur suggestive of MR, to investigate the relation of 
MR to other clinical and laboratory characteristics and 
to clarify the independent contribution of clinically de- 
tected MR to short- and long-term prognosis. 


METHODS 

A detailed description of the MILIS protocol has 
been presented elsewhere.? In brief, patients were eligi- 
ble for enrollment in MILIS if they were under 76 years 
of age, had at least 30 minutes of chest discomfort typi- 
cal of myocardial ischemia and electrocardiographic 
changes suggestive of acute ischemia and presented <18 
hours from the onset of chest discomfort. 

Data collection: After enrollment, baseline studies 
were performed before administration of the study drug. 
The effects of the study drugs on infarct size, ventricu- 
lar function and mortality have been reported else- 
where.®* Baseline measurements included a detailed 
history and physical examination, 12 electrocardio- 
grams and a resting radionuclide ventriculogram. Serial 
blood samples were collected for measurement of total 
and creatine kinase-MB on admission and sampling was 
continued for the length of the hospital stay. Analysis of 
all data was performed at centralized Core Laborato- 
ries. Daily physical examinations were performed by in- 
vestigators involved in the study. Throughout the hospi- 
talization, a MILIS data coordinator recorded the de- 
tails of the daily histories and physical examinations, 
recorded all special procedures and summarized the dai- 
ly clinical events including the results of all laboratory 
tests. Follow-up examinations were conducted 3 to 6 
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FIGURE 1. Percentage of total population with mitral regurgitation according to the day of hospitalization. A — admission. 


months after enrollment. Long-term morbidity and 
mortality were ascertained at 6-month intervals by tele- 
phone. 

Myocardial infarction was confirmed by measure- 
ment of creatine kinase-MB.? Patients were considered 
to have had a myocardial infarction if any of the follow- 
ing criteria were met: creatine kinase-MB >13 IU/liter 
in 22 sequential plasma samples over a 12-hour period 
and a pattern of enzyme release characteristic of infarc- 
tion, creatine kinase-MB 213 IU/liter in 1 sample if it 
represented a 3-fold increase above serial changes or 
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FIGURE 2. Short- and long-term mortality in the patients with 
mitral regurgitation (MR) on admission, in patients with MR 
first heard days 1 to 11 and those without MR at any time 
during hospitalization. 
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creatine kinase-MB 213 IU/liter if it was the only 
blood sample available. Infarct size was estimated from 
serial values of creatine kinase-MB as previously 
described. 

MR was defined as a systolic murmur described as 
suggestive of MR by the examining physician. Auscul- 
tation was performed in both the supine and left lateral 
decubitus position. In most cases, the physical examina- 
tion was performed by one of the MILIS investigators 
(see Appendix). Systolic murmurs deemed not sugges- 
tive of MR by the examining physician were not includ- 
ed in the analysis. Analyses of radionuclide ventriculog- 
raphy ejection fraction was determined by measuring 
changes in left ventricular activity on a frame-by-frame 
basis. Ventricular volumes were evaluated by relating 
the outline of the left ventricle to a series of lead bars 
of known dimension, which were imaged for calibra- 
tion.'?.!! Wall motion was graded as follows for 6 ante- 
rior and 4 inferior left ventricular segments: normal = 
3, mild hypokinesis = 2, moderate hypokinesis = 1, 
akinesis = 0 and dyskinesis = —1. 

Statistical methods: For analysis, patients were di- 
vided into 3 groups. Group 1 consisted of patients with 
MR detected on admission. Group 2 consisted of pa- 
tients with MR not auscultated on admission but de- 
tected during the hospitalization (days 1 through 11). 
Group 3 consisted of patients without MR by ausculta- 
tion at any time. Statistical analyses were done using 
the Pearson chi-square test to examine the general asso- 
ciation between the MR groups and the categorized re- 
sponse of interest. No assumptions were made regarding 
the different degrees of MR. Similarly, an analysis of 
variance was used to test the overall differences between 
the MR groups with respect to continuous variables. No 
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tests were done for any difference of an ordered re- 
sponse.!? 

Unadjusted plots of the estimated cumulative surviv- 
al were produced by the Kaplan-Meier method. A p 
value «0.05 was considered significant. Summary sta- 
tistics for continuous data are presented as mean + 
standard error. The Cox proportional hazard model was 
used to test the overall difference in survival in the 3 
groups.? The reported p values correspond to the re- 
sults obtained by the likelihood ratio test. A special risk 
score was calculated for each patient using 20 variables 
that have been shown in previous studies to affect sur- 
vival. This risk score was incorporated into the Cox 
model to yield the adjusted analysis; no stepwise selec- 
tion was performed. 


RESULTS 

Of the 985 patients enrolled in MILIS, 849 were 
documented to have acute myocardial infarction. A 
murmur suggestive of MR was present during the hos- 
pitalization in 169 of these 849 patients (20%). On ad- 
mission, a murmur suggestive of MR was heard in 76 
patients (9%). An additional 93 patients had murmurs 
first heard on days 1 through 11. Although the murmur 
fluctuated in many patients, the prevalence of MR re- 
mained constant during hospitalization (Figure 1). Fif- 
ty-three percent of the patients with a murmur on day 1 
who were evaluated at discharge still had the murmur 
of MR at the time of discharge. 
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FIGURE 3. Unadjusted survival curves for the 3 groups of patients. Admission — patients with MR on admission; hospital — 
patients with MR first heard days 1 to 11; no murmur - patients without MR. 









TABLE Patient Characteristics 
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Days 1 to1l 






MR on 
Admission 





No MR 

































No. (%) No. (%) No. (%) p Value us 
Female 33(43)  28(30 17105) 0003 E. 
Nonwhite 26 (34) 25 (27) 124 (18) 0.001 i. 
Previous MI 33 (43) 26 (28) 140 (21) «0.001 X 
History of CHF 19 (25) 11 (12) 41 (6) «0.001 EC 
S3 sounds 38 (50) 25 (27) 101(15) . «0.001 |. 
Rales 47 (62) 48 (52) 289 (43) 0.002 IR 
Abnormalneck 25 (33) 20 (22) 84(12 «0001 | 
vein distention "a 
Infarct 5 (7) 9 (10) 58 (9) NS E 
extension E 
ST depression 23 (32) 14 (16) 84 (13) «0.001 Mac 
Anterior MI 50 (76) 53 (67) 414 (65) NS he. 
Transmural MI 34 (48) 53 (63) 418 (64) 0.034 A 
Complex VEA 27 (50) 16 (23) 137 (26)  <0.001 m 
Age (yrs) 615418 582411 562404 «0001 HA 
Karnofsky Score 8.00+0.15 9.12+0.14 9.05+0.05 <0.001 Ev 
(admission) E 
CHF = congestive heart failure; MI = myocardial infarction; NS = not significant; A E. 
VEA = ventricular ectopic activity. z a / 
Patients with MR at the time of admission were old- di 
er, more commonly female and more likely to be non- A 
white (Table I). They comprised a group with a greater E. 
incidence of previous myocardial infarction and of con- E 
. . . 9. Daw . ge 
gestive heart failure. Accordingly, on initial examina- JR 
tion, they more commonly manifested signs of clinical i 
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MR 
Developing 
Days 1 to 11 


MR on 


Admission No MR 


41+2 
6544 


LVEF (time O) (%) 


LVESV index (ml / m?) 
LVEDV index (ml/m?) 10224 
MB (ISI) (g Eq/ m?) 1542 

LVEF = left ventricular ejection fraction; LVESV = left ventricular end-systolic 


volume; LVEDV = left ventricular end-diastolic volume; MB (IS!) = MB band of creatine 
kinase normalized for body surface area. 





congestive heart failure (S, sounds, rales, abnormal 
neck vein distention). In addition, ST depression was 
more frequently present on their admission electrocar- 
diogram and thus there was a greater incidence of non- 
transmural myocardial infarction in group 1. The loca- 
tion of infarction was similar among the 3 groups. In- 
hospital extension was 7% in group 1, 10% in group 2 
and 9% in group 3. 

In-hospital mortality (Figure 2) was slightly greater 
in group 1 (15 vs 10% in group 2 vs 8% in group 3); 
however, the difference was not statistically significant 
and unaffected by treatment group. Group 1, however, 
did manifest a statistically significant increase in mor- 
tality by 12 months. Patients with MR on admission 
had a 36% mortality by 12 months compared to 16% 
and 15% for the other 2 groups, respectively. Augment- 
ed mortality persisted at 48 months with a mortality of 
47% in patients in group 1 compared to a mortality of 


Average 
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Days 1-11 


Average 


Score 


MR 


Days 1-11 





FIGURE 4. Average wall motion score of the anterior seg- 
ments (A) and inferior segments (B) as assessed by radio- 
nuclide ventriculography. 
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26% and 24% in the other 2 groups. Comparison of un- 
adjusted survival curves demonstrated a statistically sig- 
nificant difference (p <0.001) between those with MR 
at the time of admission and the other 2 groups (Figure 
3). Since it could be argued that the clinician is unable 
to differentiate the cause of systolic murmurs, we also 
analyzed the survival difference including all systolic 
murmurs. A large survival difference was still present 
among the groups at 48 months (p = 0.002). 

To explore possible determinants of the difference in 
prognosis, infarct size and ventricular function data 
were compared (Table IT). Infarct size estimated by the 
MB infarct size index was similar for the 3 groups with 
a mean of 15 + 2 in group 1, 19 + 2 in group 2 and 17 
+ 1 in group 3 (p = 0.170, analysis of variance) and 
was unaffected by treatment group. Patients with MR 
on admission had a significantly lower left ventricular 
ejection fraction before administration of the study drug 
than patients in the other 2 groups (mean 41 + 2 com- 
pared to 47 + 2 and 46 + 1 in the other 2 groups, p 
<0.05). Furthermore, left ventricular end-systolic and 
end-diastolic volume indexes normalized for body sur- 
face area were increased in group 1 patients. 

To assess the relation of MR to regional wall mo- 
tion, wall motion scores in the anterior and inferior seg- 
ments were compared between the 3 groups (Figure 4). 
The average wall motion score for anterior segments 
was 1.58 + 0.12 in group 1 compared to 1.93 + 0.11 
and 1.96 + 0.04 in group 2 and 3 patients, respectively 
(p <0.012). Wall motion of the inferior segments also 
was somewhat diminished in group 1 patients (1.49 + 
0.13 vs 1.72 + 0.13 and 1.76 + 0.04), but these differ- 
ences did not reach statistical significance. 

A Cox proportional hazards model was used to cor- 
rect for differences in baseline variables. The 20 vari- 
ables used in the model to generate a risk score are list- 
ed in Table III. Correction for differences in baseline 
variables, and most specifically gender, race, age and 
Karnofsky score, indicated that the presence of MR on 
admission did not contribute independently to mortality 
(Figure 5). 


DISCUSSION 

Our data confirm that MR detected by auscultation 
is common in patients with acute myocardial infarction 
and that patients with MR at the time of admission 
have an increased long-term mortality. Skilled examin- 
ers found evidence of MR in 2096 of the patients en- 
rolled in this study. These results are similar to the 17% 
incidence reported by Maisel et al? but differ substan- 
tially from the data of Heikkila! who described a 5596 
incidence in 195 consecutive patients. It may be that 
this discrepancy is related to a difference in classifica- 
tion. Many of the systolic murmurs detected in our pa- 
tients were classified as ejection murmurs and the diffi- 
culty with this distinction is well known.!? If all systolic 
murmurs had been included as suggestive of MR, our 
results may have been more similar to those of Heikkila. 
The 20% incidence in our present study is also lower 
than that of our earlier study using pulsed Doppler to 
detect MR. This might be expected since we and others 
have documented a high incidence of undetected MR in 


patients with acute infarction.* In that study, MR was 
present in 39% of patients within 48 hours of the onset 
of acute infarction. However, because the incidence of 
MR was still lower than that reported by others who 
have described an increasing incidence as high as 50% 
with pulsed Doppler 30 days after myocardial infarc- 
tion,'* we postulated that patients with MR on admis- 
sion might differ from those in whom it developed later. 
Accordingly, before data analysis, we grouped patients 
into those with MR on admission and those in whom 
the murmur was heard later during hospitalization. 

Survival curves suggested that this postulated differ- 
ence may be of importance because there was a sub- 
stantial increase in mortality for the group with MR on 
admission compared to those with MR detected later 
during the hospitalization. However, the patients with 
MR on admission were older, more frequently female, 
more frequently nonwhite and more often had a history 
of congestive heart failure and previous myocardial in- 
farction. These characteristics are in agreement with 
those reported previously in patients with Doppler-de- 
tected MR.* Adjustment for the differences in baseline 
characteristics indicated that MR did not make an inde- 
pendent contribution to the adverse prognosis. MR 
seems rather to integrate information obtained from 
history, physical and laboratory findings and thus is a 
marker of adverse prognosis. 

We considered MR as a dichotomous variable, that 
is, we did not include the severity of MR in our analysis 
because such an estimate from either invasive or nonin- 
vasive studies was not available in our database. We 
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TABLE Ill Variables Used in Cox Proportional Hazards Model 


Propranolol acceptable 
Anterior ischemia /infarction 

Previous myocardial infarction 

Angina 

History of arrhythmia 

Antiarrhythmic therapy (previous 3 weeks) 
Rales at admission 

Congestive heart failure (previous 3 weeks) 
ST-elevation (admission) 

Cigarette smoking 

B blockers 

Diabetes 

Transmural ischemia /infarction 

Gender 

Hypotension (admission) 

Race 

Heart rate (admission) 

Left ventricular ejection fraction (admission) 
Age 


Karnofsky score (3 weeks before myocardial infarction) 






















depended on the clinical assessment of the presence or 
absence of MR for our study. Despite the well-known 
inaccuracy of auscultation, patients with MR on admis- 
sion still exhibited poorer survival. Finally, our data do 
not allow us to separate new from previously present 
MR. 

The lack of an independent contribution of MR to 
prognosis differs somewhat from previous studies. Mai- 
sel et al? reported that the presence of a systolic mur- 
mur suggestive of MR at discharge was the tenth- 
ranked variable in their multivariate analysis of sur- 
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-- Days 1-11 


FIGURE 5. Adjusted survival curves of the 3 groups referenced in Figure 3. 
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vival. However, in their study, only patients with 
holosystolic murmurs detected any time during hospital- 
ization were included. Thus, they selected those patients 
with more severe MR on admission or those who devel- 
oped more severe MR thereafter. We included all pa- 
tients with murmurs suggestive of MR and therefore 
have probably studied a more heterogenous spectrum of 
regurgitant lesions masking a prognostic effect of severe 
regurgitation. This interpretation is consistent with the 
data of Hickey et al!> who, in a study of angiographical- 
ly defined MR in over 11,000 patients with documented 
coronary artery disease, reported that mitral insufficien- 
cy score was an independent predictor of survival only 
in patients with moderate or severe MR (346 or one- 
sixth of the patients with MR). 

The mechanisms of MR in this setting are unclear. 
Izumi et al!ó in a study using color flow Doppler sug- 
gested 2 major causative factors: asynergy of the papil- 
lary muscle or contiguous ventricular segment or en- 
largement of the mitral anulus. In our study, there was 
a significantly decreased wall motion score in the anteri- 
or segments of patients with MR on admission. In addi- 
tion, both systolic and diastolic volumes were signifi- 
cantly enlarged. These findings support the notion that 
asynergy contiguous to the papillary muscle or anular 
dysfunction may contribute to MR in these patients. 
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Reverse Redistribution of Thallium-201 
Detected By SPECT Imaging After Dipyridamole 
in Angina Pectoris 


Jeffrey J. Popma, MD, Thomas C. Smitherman, MD, Brandy S. Walker, MD, 
Theodore R. Simon, MD, and Gregory J. Dehmer, MD 


A STU E Se tS in SO not ae a et 
Reverse redistribution refers to a thallium-201 


perfusion defect that develops or becomes more 
evident on delayed imaging compared with the ini- 
tial image immediately after stress. To determine 
the diagnostic importance of reverse redistribution 
after intravenous dipyridamole, thallium-201 single 
photon emission computed tomography and quanti- 
tative coronary arteriography were performed in 
90 men with angina pectoris. Of the 250 myocardi- 
al segments analyzed, reverse redistribution was 
present in 17 (7%). Minimal coronary cross-sec- 
tional area in proximal vessel segments was <2.0 
mm? more often in regions with transient perfusion 
abnormalities than in regions with reverse redistri- 
bution (66 vs 29%, p «0.05). Compared with re- 
gions exhibiting transient perfusion abnormalities, 
regions with reverse redistribution had larger prox- 
imal arterial diameters (1.9 + 1.1 vs 1.3 + 1.1 
mm, p «0.001) and cross-sectional areas (3.9 + 
3.1 vs 2.2 + 2.6 mm, p <0.001). Coronary artery 
dimensions and relative stenosis severity did not 
differ between those regions with normal perfusion 
and those with reverse redistribution. Reverse re- 
distribution detected by thallium-201 single photon 
emission computed tomographic imaging after di- 
pyridamole is uncommon, appears to occur as fre- 
quently in normal subjects as in patients undergo- 
ing coronary arteriography and does not indicate 
the presence of severe coronary artery disease. 
(Am J Cardiol 1990;65:1176-1180) 
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method for detecting the presence of coronary 

artery disease, especially in patients who cannot 
exercise. Similar to thallium-201 imaging after dy- 
namic exercise, perfusion defects may develop and re- 
solve after dipyridamole in areas of viable myocardium 
supplied by stenosed arteries.’ However, in 5 to 21% of 
exercise thallium-201 studies, a perfusion defect may 
first appear or an existing defect may become more 
prominent in the delayed image? The implications of 
this phenomenon, often called reverse redistribution, af- 
ter exercise thallium-201 imaging is not clear. Some ex- 
ercise studies have associated reverse redistribution with 
the presence of significant coronary artery disease>” 
while others have not.®® The purpose of this study was 
to evaluate the frequency and diagnostic importance of 
reverse redistribution when detected by thallium-201 
single photon emission computed tomography (SPECT) 
after pharmacologic vasodilation with dipyridamole in 
patients with angina pectoris. 


D ipyridamole thallium-201 imaging is a useful 


METHODS 

Patients: From the total population of patients re- 
ferred to the catheterization laboratory for the evalua- 
tion of angina pectoris, 90 randomly selected men 
(mean age 56 + 10 years) agreed to have dipyridamole 
thallium-201 SPECT imaging in addition to their inva- 
sive study. Patients with previous coronary bypass sur- 
gery or myocardial infarction were included; 5 patients 
had recently received thrombolytic therapy. Thallium 
studies were performed either before or after angiogra- 
phy. The mean interval between these 2 studies was 12 
+ 14 days. To define the limits of myocardial perfusion 
after dipyridamole in normal individuals in our labora- 
tory, thallium-201 SPECT imaging was performed in 
11 additional subjects (mean age 44 + 7 years) with a 
<5% likelihood of important coronary artery disease 
based on clinical criteria and standard exercise stress 
testing.!° 

Quantitative coronary analysis: Quantitative coro- 
nary analysis was performed with the computer-assisted 
Cardiovascular Angiography Analysis System (PIE 
Medical) as described in detail elsewhere.!! Briefly, a 
35 mm cineframe was optically magnified and digitized 
by a cine-video converter. A segment of the coronary 
artery including the stenosis was selected and the edge 
profiles of the vessel were determined automatically. 
Correction for pincushion distortion was performed and 
absolute arterial diameter in millimeters was derived us- 





>» 


ing the diameter of the coronary catheter as the refer- 
ence object. The cross-sectional area of the stenotic seg- 
ment was computed from the minimal diameter mea- 
surements of the 2 nearly orthogonal views based on the 
geometry of an ellipse. In circumstances where 2 views 
were unavailable, the vessel was assumed to be circular 
for the calculation of cross-sectional area. A coronary 
artery cross-sectional area <2.0 mm? in a proximal ves- 
sel was considered to represent a significant stenosis. !2 
The conventional measurements, percent diameter and 
percent area stenosis were calculated from the absolute 
diameter measurements of the normal and stenotic seg- 
ments as determined by the quantitative coronary angi- 
ography. 

Thallium-201 single photon emission computed to- 
mography acquisition and analysis: Intravenous dipy- 
ridamole (0.56 mg/kg) was infused over 4 minutes. Pa- 
tients were instructed to walk in place for the last 2 
minutes of the infusion; 3 minutes later, 3.2 mCi of 
thallium-201 was given intravenously. All images were 
obtained using a rotating gamma camera with the ini- 
tial image beginning 6 minutes after the completion of 
dipyridamole infusion and delayed imaging starting 4 
hours later. Tomographic images (45 s/frame, n = 30) 
were acquired into a 64 X 64 16-bit matrix starting in a 
45? right anterior oblique projection and progressing at 
6? intervals through a 180? circular orbit. Unprocessed 
images were backprojected with a Hamming filter. No 
attenuation or scatter correction was used, but flood and 
center of rotation corrections were applied during recon- 
struction. A midventricular transaxial and sagittal slices 
were used to define the axis for the oblique angle refor- 
matting from which the short-axis slices were made. For 
the analysis, an oblique image along the long axis of the 
left ventricle was constructed and aligned vertically with 
superior orientation of the valve plane and inferior ori- 
entation of the apex. Slices perpendicular to this oblique 
reconstruction provided serial short-axis images from 
apex to valve plane, allowing inspection of the septum 
and anterior, lateral and inferior walls. The images sag- 
ittal to this oblique reconstruction provided serial im- 
ages from left to right, allowing inspection of the anteri- 
or, inferior and posterior walls and the apex. The im- 
ages coronal to this oblique reconstruction provided 
serial images from anterior to posterior, allowing inspec- 
tion of the septum, lateral wall and the apex. The final 
display used for qualitative analysis allowed all 6 slices, 
oblique, coronal and sagittal, acquired during stress and 
redistribution to be viewed side-by-side (Figure 1). 

Qualitative interpretation of the SPECT images was 
performed by 2 independent observers who were blinded 
to the results of the coronary analysis. The separate 
myocardial regions (anterior/apical, lateral and inferi- 
or/posterior) were graded on a 4-point scale from 1 
(background) to 4 using 0.5 increments and the size of 
the perfusion defect was visually estimated as small, 
medium or large. A perfusion defect was defined as an 
initial myocardial uptake <2.5; this value was selected 
as abnormal because it was 2 standard deviations below 
the mean uptake in all 33 segments from the group with 
a low likelihood of coronary artery disease. A fixed per- 


fusion abnormality was defined as an initial myocardial 
uptake of <2.5 without change on delayed imaging. A 
reversible perfusion abnormality was defined as an in- 
crease in myocardial uptake of 71.0 or a decrease in 
the size of the defect by =1 size in the delayed image. 
Reverse redistribution was defined as a decrease in re- 
gional myocardial uptake of 71.0 or an increase in the 
size of the defect by =1 size between the initial and 
delayed image. For the analysis of data, the regional 
myocardial segments in each patient were matched to 
the coronary artery supplying the region in the follow- 
ing manner: anterior and apical—left anterior descend- 
ing artery; lateral —circumflex artery; inferior / posteri- 
or—right coronary artery. After combining the SPECT 
thallium-201 and quantitative coronary angiographic 
analyses, only 250 of the possible 270 myocardial seg- 
ments were included in the analysis. Because of a left 
dominant coronary circulation in 13 patients, the lateral 
and inferior/posterior segments were counted as 1 per- 





FIGURE 1. Representative thallium-201 single photon emis- 
sion computed tomography images at middle of left ventricle 
in patient having extensive reverse redistribution. Images 
immediately after dipyridamole administration are on /eft 
(STRESS) and delayed images are on right (REDIST). Coronal 
slices (COR) of reconstructed oblique images are shown in up- 
per panels. Short-axis slices of left ventricle (OBL) that are 
perpendicular to oblique images of the heart reconstructed 
along long axis of left ventricle are in middle panels. Sagittal 
slices (SAG) of reconstructed oblique images are shown in 
lower panels. An extensive new perfusion defect is seen at 
time of delayed imaging in inferoposterior wall (OBL and 
SAG), interventricular septum (OBL) and apex (SAG). FT = 
feet; LT = left; RT = right. 
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bution (n = 15) 






normality only 
(n = 16) 







to combined normal subjects and patients with reverse redistribution. 







proximal coronary artery <2.0 mm*. 


TABLE I Clinical Features of Patients with Varying Patterns of Thallium-201 Perfusion Defects 





13 (52) 8 (32) 
Reverse redistri- 2 (13) 7 (47) 6 (40) 


Transient perfusion 7 (20) 12 (35) 19 (56) 
abnormality with or 
without a fixed de- 
fect (n = 34) 

Fixed perfusion ab- 0 (0) 5 (31) 9 (56) 


* p «0.05 compared to patients with normal perfusion; t p «0.05 compared to patients with reverse redistribution; * p «0.001 combined transient and fixed abnormality compared 


Recent myocardial infarction = myocardial infarction within 6 weeks; remote myocardial infarction = myocardial infarction >6 weeks ago; multivessel coronary artery disease >1 








Remote Multivessel 
Diabetes Hyper- Recent Myocardial Coronary Collaterals 
Perfusion Mellitus tension Myocardial Infarction Disease Present 
Pattern (96) (96) Infarction (96) (96) (96) 





4 (16) 
2 (13) 3 (20) 2 (13) 
t 
8 (23) 15 (44)* 17 (50)* 
5 (31) 8 (50)* t 9 (56)* 


TABLE II Angiographic and Scintigraphic Characteristics of Patients with Reverse Redistribution 


Significant 
Stenosis in 
the Artery 
Supplying 
Area of 
Reverse Re- 
distribution 


Coronary 

Arteries Perfusion 
with Area with 
Significant Reverse Re- 
Stenoses (n) distribution 


2 
2 
1 
1 
1 
2 
2 
1 
1 
1 
1 
2 
l 
1 
l 
1 
0 


oo0o0+44+4+004++4++4+0000+ 


Additional 

Perfusion Perfusion 
Area Defect 
Supplied by Adjacent 
Significantly Previous to Area of 
Diseased Myocardial Reverse Re- 
Artery Infarction distribution 


++0+00+0000+0++++ 
+++00000+000+++++ 


CX = circumflex coronary artery; LAD = left anterior descending coronary artery; RCA = right coronary artery; + = present; 0 = absent. 


fusion area. The remaining 7 segments were excluded 
because quantitative coronary measurements could not 
be obtained for technical reasons. In 23% of the regions, 
the observers disagreed by 21.0 and these differences 
were resolved by a consensus reading. 

Statistics: All variables are expressed as the mean + 
standard deviation. An analysis of variance followed by 
a Neuman-Keuls test was used to evaluate differences 
in arterial dimensions between groups with different 
perfusion patterns. Differences between discrete vari- 
ables were assessed by a chi-square analysis. A p value 
«0.05 was considered statistically significant. 


RESULTS 

Patient characteristics: Patients were divided into 4 
groups according to their pattern of myocardial perfu- 
sion (Table I). Reverse redistribution was present in 15 
(1790) patients, a normal perfusion pattern was present 
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in 25 (28%), only a fixed perfusion abnormality was 
present in 16 (18%) and a transient perfusion abnormal- 
ity with or without a fixed defect was present in 34 
(38%). There were no differences in the frequency of 
diabetes mellitus, hypertension and recent or remote 
myocardial infarction among patients with different 
perfusion patterns. However, angiographically visible 
collateral vessels and multivessel coronary artery disease 
were present more often in patients with fixed and tran- 
sient perfusion abnormalities (Table I). 

Segment analysis: Of the 250 myocardial segments 
analyzed, reverse redistribution was present in 17 (7%); 
11 segments were in the circumflex artery distribution, 
3 in the right coronary artery distribution and 3 in the 
left anterior descending artery distribution (Table II). 
In 15 segments with reverse redistribution, normal per- 
fusion was present during the initial image and in 2 a 
perfusion defect noted on the initial study became more 












hy 





severe on the delayed image. As listed in Table II, 8 of 
17 segments with reverse redistribution were in the dis- 
tribution of an artery with a significant stenosis. Of the 
remaining 9 segments, 8 were adjacent to an area with 
a perfusion defect and 1 occurred in a patient without 
significant stenoses. In the 8 patients who had a previ- 
ous myocardial infarction, 5 developed reverse redistri- 
bution in the same area as the infarction (2 Q wave and 
3 non-Q-wave) and 3 in a different area (1 Q wave and 
2 non-Q-wave). Segmental wall motion assessed by ven- 
triculography was normal in 13 of 17 (7696) regions 
with reverse redistribution and was akinetic or dys- 
kinetic in the remainder. 

Relation of perfusion pattern to quantitative arte- 
riographic findings: A proximal coronary artery cross- 
sectional area <2.0 mm? was present more often in the 
major vessel to regions with either fixed or transient 
perfusion abnormalities than to regions with reverse re- 
distribution (65 and 66% vs 29%, respectively; p «0.05, 
Table III). Table IV lists the 4 measurements of lesion 
severity in relation to the perfusion pattern. In general, 
the coronary arteries associated with either transient or 
fixed perfusion abnormalities were more severely nar- 
rowed than those associated with normal perfusion or 
reverse redistribution. 

Reverse redistribution also was present in 2 of 33 
(6%) of the segments in the normal subjects. In 1 sub- 
ject, myocardial perfusion in the region of the left ante- 
rior descending coronary artery was normal on the ini- 
tial image with a medium-sized defect noted on the de- 
layed image. A similar perfusion pattern in the region 
of the circumflex coronary artery was noted in a second 
subject. 


DISCUSSION 

The results of this study show that reverse redistri- 
bution detected by SPECT imaging after dipyridamole 
is not associated with the severity of coronary artery 
disease as assessed by quantitative coronary angiogra- 
phy. Within the proximal coronary segments evaluated, 
minimal stenosis diameter, minimal cross-sectional area, 
percent diameter stenosis and percent area stenosis all 
were similar among coronary arteries supplying seg- 
ments with reverse redistribution and arteries supplying 
segments with normal perfusion. Moreover, myocardial 
regions with either fixed or transient perfusion abnor- 
malities were supplied by coronary arteries with more 
severe stenoses by all the variables measured. 

Cause of reverse redistribution: The factors respon- 
sible for the development of reverse redistribution are 
not clearly defined.!? In general, reverse redistribution 
has been ascribed to a higher washout rate of thallium- 
201 from the myocardial segment in question, com- 
pared with other regions. Changes in the washout rate 
from normal myocardium have been related directly to 
changes in myocardial blood flow.*!^ Nevertheless, re- 
verse redistribution has been observed in myocardial 
segments supplied by both diseased and normal arter- 
ies.-? Reverse redistribution in a myocardial segment 
supplied by a normal artery can be explained by de- 
layed washout from a different area supplied by a se- 







TABLE Ill Regional Myocardial Perfusion Patterns and 
Coronary Cross-Sectional Area 


Minimal Minimal 



















Cross- Cross- 

Sectional Sectional 

Area Area 
Perfusion <2.0 mm? >2.0 mm? 
Pattern (%) (%) 








Normal (n = 126) 
Reverse re- 
distribution 
(n = 17) 
Transient per- 
fusion abnor- 
mality (n = 67) 
Fixed perfusion 
abnormality 
(n = 40) 


* p «0.05 compared to reverse redistribution; ! p «0.001 compared to normal. 


TABLE IV Regional Myocardial Perfusion Patterns and 
Coronary Artery Dimensions 


33 (26) 
5 (29) 


93 (74) 
12 (71) 





44 (66)*' 23 (34) 


26 (65)*! 14 (35) 








xo bs EREU EHE 


Minimal Minimal % % 
Perfusion Diameter Area Diameter Area 
Pattern (mm) (mm?) Stenosis Stenosis 















4.0 t 2.8 
39 £3.1 


sen 23 
35 + 32 


48 + 26 
47 +34 


Normal (n = 126) 2.1 x 0.9 

Reverse re- 1941.1 
distribution 
(n=17) 

Transient per- 
fusion abnor- 
mality (n = 67) 

Fixed perfusion 

abnormality 

(n = 40) 


* p «0.001 compared to reverse redistribution; ! p «0.001 compared to normal. 











1.34 1.1*t 22426*t 58432*f 72429*1 


1.1 +0.9*t 1842.1*f 60435*f 71433*' 






verely stenosed vessel. Because of the delayed washout, 
myocardial activity several hours later will be greater in 
this segment compared with the segment having a nor- 
mal washout rate giving the appearance of a defect in 
the normal area. Conversely, reverse redistribution may 
occur in a myocardial segment supplied by a diseased 
vessel and has been seen with greater frequency in pa- 
tients with non-Q-wave infarction and a patent infarct- 
related artery 10 days after thrombolytic therapy.’ The 
cause of reverse redistribution in this circumstance has 
been postulated to be a higher than normal blood flow 
to the noninfarcted tissue in the reperfused zone.’ 

In our study group, reverse redistribution was an in- 
frequent finding after intravenous dipyridamole and 
was not clearly related to the presence of severe obstruc- 
tive coronary disease. However, the occurrence of re- 
verse distribution is clearly dependent on the patient 
population studied since it was observed in 75% of the 
patients early after thrombolytic therapy. In 73% of 
our patients, reverse redistribution occurred either in 
the setting of recent thrombolytic therapy or with a per- 
fusion defect in an adjacent area. In the remaining pa- 
tients, the cause of this phenomenon is not clear. Al- 
though previous reports have suggested that collateral 
vessels may be associated with this scintigraphic pat- 
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_tern,® in our study population, angiographically visible 


collaterals were present less often in patients with nor- 
mal and reverse redistribution than in those with fixed 
or transient perfusion abnormalities. Reverse redistribu- 
tion occurred in a similar proportion of those with and 
without coronary disease, highlighting that segmental 
variation in washout rates may occur in circumstances 
other than those outlined above. 

Comparison to other studies: Our study differs from 
previous studies of reverse redistribution in several 
ways. First, previous studies have evaluated reverse re- 
distribution in the setting of exercise stress testing. Al- 
though initial myocardial thallium-201 uptake and 
clearance after dipyridamole may differ from the thalli- 
um kinetics present after exercise, they should be simi- 
lar at the time of delayed imaging when reverse redistri- 
bution develops.!? The occurrence of reverse redistribu- 
tion in 7% of regions in this study does agree with the 
incidence reported in previous exercise studies.>° Sec- 
ond, previous studies have used planar thallium-201 im- 
aging. Using SPECT imaging, the sensitivity for the de- 
tection and spatial localization of thallium-201 defects 
should be improved.!5/!? Finally, in all previous reports 
of reverse redistribution, coronary cineangiograms have 
been evaluated by visual methods. The inaccuracies of 
visual estimates are well known and include consider- 
able observer variability and the inability to determine 
absolute coronary dimensions.'* Therefore, quantitative 
coronary angiography should provide a better evalua- 
tion of the presence and severity of the coronary le- 
sions. '? 

Limitations: Although we used quantitative angio- 
graphic measurements to evaluate lesion severity, only 
lesions in the proximal segments of the 3 major vessels 
were evaluated. Therefore, lesions in secondary 
branches that could contribute to altered perfusion were 


not assessed by the methods we used. In women, the 


pattern of reverse redistribution could be caused by 
breast attenuation that was variable between the initial 
and delayed study; since only men were evaluated in 
this study group, we could not determine if this contrib- 
uted to the presence of reverse redistribution. Finally, 
only qualitative interpretations were performed on the 
thallium-201 images since most of the quantitative pro- 
grams do not allow a comparison between initial and 
delayed images.*? Whether quantitation of the image 
data will alter the understanding of reverse redistribu- 
tion is unknown. 

Clinical implications: [n patients with angina pecto- 
ris, there was no clear association between reverse redis- 
tribution after dipyridamole and the severity of coro- 
nary artery disease. Reverse redistribution may occur in 
several clinical situations after both exercise and dipy- 
ridamole stress. Although reverse redistribution may be 
an indicator of myocardial viability after thrombolytic 
therapy, its diverse occurrence in other situations will 
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likely limit its utility as a marker of significant coronary 
artery disease. 
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Comparison of Automated Quantitative Coronary 
Angiography with Caliper Measurements 
of Percent Diameter Stenosis 


Steven J. Kalbfleisch, MD, Mark J. McGillem, BS, Ibraim M.F. Pinto, MD, 
Kevin M. Kavanaugh, MD, Scott F. DeBoe, BS, and G.B. John Mancini, MD 


Measurement of coronary artery stenosis is an 
invaluable tool in the study of coronary artery 
disease. Clinical trials and even day-to-day decision 
making should ideally be based on accurate and re- 
producible quantitative methods. Quantitative coro- 
nary angiography (QCA) using digital angiographic 
techniques has been shown to fulfill these require- 
ments. Yet many laboratories have abandoned vi- 
sual analysis in favor of the intermediate quantita- 
tive approach involving hand-held calipers. Thus, 
the purpose of this study was to determine the rela- 
tion between QCA and the commonly used caliper 
measurements. Percent stenosis was assessed in 
155 lesions using 3 techniques: QCA, caliper mea- 
sures from a 35-mm cine viewer (cine) and caliper 
measures from a video display (CRT). Good overall 
correlation was noted among the 3 different tech- 
niques (r 70.72). Both of the caliper methods un- 
derestimated QCA for stenosis >75% (p <0.001) 
and overestimated stenosis <75% (p <0.05). Re- 
producibility assessed in 52 lesions by independent 
observers showed QCA to be superior (r = 0.95) to 
either of the caliper measurements (cine: r = 0.63; 
CRT: r = 0.73). Therefore, the commonly used cali- 
per method is not an adequate substitute for QCA 
because overestimation of noncritical stenoses and 
underestimation of severe stenoses may occur and 
the measurements have poor reproducibility. These 
factors definitely preclude its use in rigorous clini- 
cal trials. Moreover, since they do not appear to 
overcome known deficiencies of visual analysis, cal- 
iper measurements for day-to-day clinical use must 
also be seriously questioned. 

(Am J Cardiol 1990;65:1181-1184) 
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uantitation of coronary stenosis is an impor- 

tant practice in cardiology from both a clinical 

and research standpoint. Various techniques 

with differing degrees of sophistication are used 
to measure the amount of luminal narrowing. Visual in- 
spection, hand-held calipers and automated quantitative 
digital angiographic programs are examples of these 
different methods. 

For use in a research setting and ideally in a clinical 
setting, a highly reproducible and accurate method is 
needed. Since visual inspection of 35-mm cinefilm has 
been shown to have a very high degree of inter- and 
intraobserver variability,!-4 as well as a great degree of 
inaccuracy,>-* it is clearly not adequate for clinical stud- 
ies. Quantitative coronary angiography (QCA) per- 
formed with the use of digital angiographic techniques 
and computer analysis has been shown to have excellent 
reproducibility and accuracy.®!2 Although earlier 
methods of QCA were tedious and time consuming, !3.!4 
more recently developed programs are easy to use and 
efficient; they can perform on-line digital image analy- 
sis in roughly 1 minute. 

Caliper measurements are commonly used for quan- 
titation of percent stenosis due to the simplicity of the 
procedure and low costs. Accordingly, it is important to 
document the performance characteristics of caliper 
measurements as well as to determine whether sophisti- 
cated QCA is substantially better or worse. We under- 
took the present study to compare one of the more ad- 
vanced QCA programs developed and validated at this 
laboratory?!*/6 with hand-held caliper measurements. 
To avoid the issue of comparability of cinefilm versus 
on-line digital acquisition, we performed analyses using 
only images acquired on 35-mm cinefilm. These were 
analyzed by QCA, by caliper measurements from a 
standard cine 35-mm viewer (cine) and by caliper mea- 
sures from a standard video screen (CRT). The latter 
was included because caliper measures from video 
screens are also common in catheterization laboratories 
in the absence of QCA and may be prone to additional 
errors, such as parallax, inherent in the use of CRT 
displays. 


METHODS 

Images of 155 coronary artery lesions were selected 
from studies analyzed at the Ann Arbor Veterans Ad- 
ministration Medical Center. Each lesion was quantitat- 
ed with respect to percent stenosis using a previously 
validated QCA program®!5-17 and hand-held calipers 
applied to cine and a CRT. Image and film quality was 
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determined by the standard of the laboratory perform- 
ing the catheterization and reviewed by the core labora- 
tory to ensure diagnostic adequacy. To be eligible for 
analysis it was required that the image show the entire 
lesion without overlap of other vessels and that a 
straight portion of the shaft of the angiographic cathe- 
ter was within the field of view. 

Quantitative coronary angiography program: All 
angiograms were projected on a cine 35-mm viewer 
(Vanguard Instruments, model XR-15) optically cou- 
pled to a video camera at 2.4:1 optical magnification; 
the video signal was digitized at 512 X 512 X 8 bit 
resolution onto a digital angiographic computer 
(ADAC Laboratories, model DPS-4100C). Images 
were magnified 2-fold using bilinear interpolation. The 
lesion of interest was determined by the operator 
through placement of a variable sized circle around this 
area on the digitized angiogram, and the edges were 
then outlined by the automatic edge detection program. 
A similar process was performed on a portion of the 
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catheter shaft displayed on the angiogram for use in 
calibration when absolute lesion dimensions are needed. 
The program automatically displayed the maximum 
percent stenosis along with other measurements of lumi- 
nal narrowing. 

Caliper method: Hand-held calipers were used to 
measure maximum percent stenosis for each lesion dis- 
played on both cine (Vanguard Instruments, model XR- 
15) and the digitized angiograms projected on CRT (10 
X 7 inches, 525 lines, R5170 monochrome video moni- 
tor). The brightness and contrast controls of the video 
screen were set by the operator based on individual 
preferences. The operators were required to define and 
measure both the normal arterial segments and the 
point of maximal stenosis for each lesion displayed and 
to calculate the percent diameter stenosis. The cine- 
frames analyzed were the same for both QCA and CRT 
and showed the lesion in its most severe view. For cine 
the frame was selected to match the QCA and CRT 
images as closely as possible. 
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FIGURE 1. Scatter plot with linear regression analyses comparing the 3 methods. The dashed line on each graph is the line of 


unity (slope = 1; y intercept = 0). 
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FIGURE 2. Histogram plot comparing the 3 methods using subgroups of percent stenosis. CAL = caliper; cine = 35-mm cinefilm 


275% 


a P4.05 VS. QCA 

B P4.01 VS. QCA 

Q P€.001 VS. QCA 

v PX.001 VS. CAL—CINE 


wo 
uo 


responter” 
ee eeweeee 
DONNE 
eeeeeeaee 
seeeeaeee 
OOOO 
DENDO 
DNE 
XV NND 
DENEN 
"EE 
OOOO 
seeeeeeeee 
ODER 
"ED 
eeeeeeeee 
see eennee 
DENEN 


wo 
o 


"actos 
eeeeeeeee 
seeeeeeeer 
NNNM NEN 
SODOODOODOC 
DENN NEN 

OOOO 


"XXIENE: 
DOCO 
OOOO 
eeeeeeeee 
ce eeeneeee 
EE 
veeeetene 
OOOO 


OOOO 
eeeeeeeee 
DONNE 
sesoses 
"hurt 
DXX 
eeeeeenee 
DONEC 


DENEN 
Ono 


PERCENT STENOSIS 


eeereeee 
DONNE 
eeeeteeee 
DM 
sereoo 
eeeeeeteer 
seeeeeee 
eeteneeee 
"Gon 
DNE 
NNNM) 
eeeeeeeee 
eeteenee 
On 
annn (NIU 


CINE CRT 
CALIPER 


DENEN 

NNNM 
DENEN 

OOOO 
eeeeeene 


eeeee 


MAMMA — | | | | . A MM 
Vv" S WM | | | . — — NM 
DENEN 
V WM | X] | 3A —G| | — NIMM 
Ves —NA $33  . | | | | O 
settee eer 
OCOC 


DONNEES 
DNXEXEXEXEIEIM —UEXEZENIIUU — MAALAAAAAA 
COO 


eeeeneer 
"XD 


CINE — CRT 
CALIPER 


DOO 
eeeeeaeee 


QCA 


viewer; CRT = video display; QCA = quantitative coronary angiography. 
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Method comparisons: Each method was compared 
to the others for all 155 lesions using standard linear 
regression analysis. Slopes and intercepts of the regres- 
sion models were compared to values of 1.0 and 0.0, 
respectively, to ascertain if they were significantly dif- 
ferent using ¢ tests. The methods were then also com- 
pared using clinically relevant subgroups of percent ste- 
nosis (X 5096, 51% to 74%, =75%) based on QCA mea- 
surements to determine whether the caliper methods 
systematically under- or overestimated the QCA mea- 
surements. These comparisons were done using a re- 
peated measure analysis of variance!? followed by New- 
man-Kuels simultaneous multiple comparisons.!? Re- 
producibility of the 3 techniques was assessed by a 
second independent observer who reanalyzed 52 lesions. 
Correlation coefficients and the standard deviation of 
the mean differences were determined. The correlation 
coefficients of the different methods were then com- 
pared using Fisher's Z transformation?? and the stan- 
dard deviations of the mean difference were compared 
using an F test of the ratio of the variances.!? 


RESULTS 

The 3 methods showed good overall correlation by 
linear regression analysis (Figure 1): QCA versus cali- 
per measurements from cine, r = 0.86; QCA versus cal- 
iper measurements from CRT, r = 0.72 and caliper 
measurements from cine versus caliper measurements 
from CRT, r = 0.85. Comparison of the linear regres- 
sion models for QCA versus both of the caliper methods 
with the line of unity (slope = 1, y intercept = 0) 
Showed them to be significantly different from unity for 
both slope and y intercept (p <0.0001). This compari- 
son demonstrated that for both of the caliper methods 
versus QCA there was a systematic overestimation of 
noncritical stenoses and underestimation of severe ste- 
noses as indicated by the position of the linear regres- 
sion lines relative to the line of unity (Figure 1). This 
same relation was also noted for caliper measurements 
from cine versus CRT, in which both the slope and y 
intercept were significantly different from the line of 
unity (p <0.0001). The position of the linear regression 
line with the line of unity also indicated that there was a 
systematic overestimation of the less severe stenoses and 
underestimation of the more severe stenoses by the 
CRT measurements (Figure 1). This comparison indi- 
cates that there are inherent differences in cine caliper 
measurements compared with those from CRT. 

Comparison of the methods using percent stenosis 
subgroups (5096, 51% to 74%, 277590) based on QCA 
measurements also demonstrated differences between 
the techniques (Figure 2). For QCA versus cine caliper 
measurements, caliper measurements overestimated 
QCA for stenoses <50% (p <0.05) and 51% to 74% (p 
<0.01), and underestimated QCA for stenoses >75% (p 
<0.001). When QCA was compared to CRT caliper 
measurements, an identical pattern was Observed with 
caliper measurements significantly overestimating less 
severe stenoses (<75%) and underestimating the more 
severe stenoses (275%). Of practical importance, the 
caliper measures from both cine and CRT were equiva- 


lent except for stenoses =75%, which were underesti- 
mated by CRT caliper measures (p «0.001). 

Reproducibility assessed in 52 lesions by indepen- 
dent observers showed significant differences. Linear re- 
gression analysis found QCA to be highly reproducible 
(r = 0.95, standard deviation of the mean differences = 
4.6). In contrast, neither caliper method was: cine cali- 
per measurements, r — 0.63, standard deviation of the 
mean differences = 12.4, and CRT caliper measure- 
ments, r — 0.73, standard deviation of the mean differ- 
ences — 9.5. The differences in r value and standard 
deviation of the mean differences between QCA and the 
2 caliper methods was significant (p <0.001). The stan- 
dard deviation of the mean differences was also signifi- 
cantly greater for cine versus CRT caliper measure- 
ments (p «0.05). 


DISCUSSION 

Accurate and reproducible assessment of the severity 
of coronary lesion narrowing is vitally important: it is 
the basis for the majority of current clinical decisions 
regarding revascularization. Most cardiologists still de- 
pend on visual inspection for percent stenosis, which has 
been shown to have poor reproducibility!-* and an unac- 
ceptable degree of inaccuracy.>-8 Because of the prob- 
lems with visual inspection, caliper measurements have 
been adopted in an attempt to be more rigorous in the 
quantitation of lesion severity. Other more sophisticated 
approaches use digital angiography and computer pro- 
grams for quantitation of coronary stenosis.”:!3 The cali- 
per method is also attractive because of its convenience 
and low cost. 

Quantitative angiography using digital angiographic 
techniques coupled with computer analysis has been 
shown to be both accurate and reproducible.?.10.12.13,21 
This type of analysis has demonstrated the ability to 
determine the physiologic significance of a coronary ste- 
nosis,^2223 predict the potential for ventricular function- 
al recovery or rethrombosis after thrombolytic thera- 
Dy.?^?5 and assess responses to other interventions such 
as angioplasty or lipid-altering therapy?! The QCA 
method used in this study has undergone extensive vali- 
dation testing using both in vitro and in vivo phantom 
models, which showed excellent correlation between 
measured and actual luminal diameter (r 20.87).9.10 
Some previous comparisons of digitized angiograms 
with conventional 35-mm cinefilm have not used the 
automatic edge detection algorithms and computer-as- 
sisted programs for quantitation. Four prior studies used 
either visual inspection or caliper measurements in their 
comparison of cinefilm with digitized angiograms.?6-29 
Each of these studies found that digitized angiograms 
compared favorably with cinefilm with no loss of image 
quality or significant increase in variability. Another 
study has seemed to question the utility of digital radio- 
graphic techniques as a substitute for 35-mm cinefilm, 
but this study also used only hand-held manual caliper 
measurements.?? The only criticism of digital angiogra- 
phy was that there was a modest overestimation of ste- 
nosis <50% as measured by cinefilm analysis. The pres- 
ent study indicates that there are inherent differences in 
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cine caliper measurements compared with those from a 
CRT and that the conclusion of studies comparing digi- 
tal angiograms with cinefilm may be affected by this 
measurement bias. 

Our study used a quantitative digital angiographic 
program shown to be both accurate and reproducible 
and compared these results to a commonly used quanti- 
tative measure of stenoses, caliper measurements. Cali- 
per measurements are prone to errors due to parallax, 
are generally performed on nonmagnified images and 
require much operator interaction to define both normal 
and minimal diameter segments. Parallax errors are po- 
tentially even more problematic when video images are 
viewed on CRT screens. Our results provide specific in- 
formation on the relative performance of caliper and 
QCA measures and, moreover, demonstrate difficulties 
arising from caliper measures from CRT screens. Cali- 
per measurements from either cine or CRT are compa- 
rable in assessing stenosis severity (r = 0.85) but CRT 
caliper measures underestimate the severity of lesions 
275906. 

Our most important result is that state of the art 
quantitative digital angiography is substantially better 
than caliper measurements from either cine or CRT in 
2 respects. The QCA program had much better repro- 
ducibility (r = 0.95) than caliper measurements from 
cine (r = 0.63) or CRT (r = 0.73). Second, the caliper 
measurements underestimated the more severe stenosis 
(275%) and overestimated the less critical stenosis 
(<75%). These findings have obvious and significant 
implications for both research studies and clinical prac- 
tice. Study conclusions and clinical decisions are likely 
to be adversely affected by the lack of reproducibility 
and the systematic differences in judging stenosis sever- 
ity. In this regard, caliper measurements cannot be con- 
sidered to overcome any of the known limitations of 
visual inspection. 
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Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE* is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
Size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: * Active internal bleeding + History of cerebrovascu- 
lar accident - Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) - Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE* therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE* therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE* Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 

. upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
. minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE* therapy may be increased and should be weighed 
against the anticipated benefits: « Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease * Recent (within 10 
days) gastrointestinal or genitourinary bleeding * Recent (within 10 days) trauma + Hypertension: 
systolic BP 180 mm Hg and/or diastolic BP=110 mm Hg * High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation + Acute pericarditis « Subacute bacterial endocarditis  Hemostatic 
defects including those secondary to severe hepatic or renal disease + Significant liver dysfunction « 
Pregnancy * Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site « Advanced age, i.e., over 75 years 
old + Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE* are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE* and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE* If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE* has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 

lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
 ACTIVASE* is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 
Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE* therapy. 
Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE* It is 
also not known whether ACTIVASE* can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE* should be given to a pregnant woman only if 
clearly needed. 
Pediatric Use Safety and effectiveness of ACTIVASE* in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mitotic index, was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 
Nursing Mothers It is not known whether ACTIVASE* is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE* is administered to a 
nursing woman. ) 
ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 
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The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 





Dose Number of Patients h 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 





These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 
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Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 


trials? is not signficantly different in the ACTIVASE* treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p — 0.26). 
Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 


dial) occur, ACTIVASE* therapy should be discontinued immediately, along with any concomitant - 


therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE* therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the onset 
of symptoms. 

ACTIVASE® is for intravenous administration only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
125 mg/kg administered over 3 hours, as described above, may be used.8 


A DOSE OF 150 MG OF ACTIVASE* SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE* has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
ACTIVASE* 10 mg/mL at approximately pH 73. The osmolality of this solution is approximately 
215 mOsm/kg. 

Because ACTIVASE* contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided; 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE* Any unused 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE* is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE* at controlled room temperature not to exceed 30*C (86*F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Alteplase, recombinant 
Manufactured by 

GENENTECH® INC. 

460 Point San Bruno Blvd. 

South San Francisco, CA 94080 
April, 1989 
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Until now, proven hospital-qualit 
color flow mapping just wasn't 
available for your office. Interspec 
has changed all that with the 
CFM750- at a size and price that 
are right for your practice. 


With its advanced annular phased 
array technology and world-renowned 
Vingmed Doppler, the CFM750 gives vou 
more diagnostic capability than any othei 
color flow mapping svstem. More clinica 
versatility. More expandability. 

It gives you excellent penetration 
while maintaining crisp, clear image 
detail throughout the sector. Real-time 
zoom capabilities, improved spatial reso- 
lution, and tissue image processing will 
reveal anatomical detail that might 
otherwise have been missed. 

A newly designed color flow processo: 
delivers high sensitivity and resolution 
plus exceptional color penetration and 
high frame rates. Versatile flow maps anc 
fine-tuning options let vou optimize for 
any flow condition. 

Vingmed Doppler gives vou the sensi- 
tivity and dynamic range that mean 
accurate blood flow detection and 
measurement, even in clinically difficult 
situations. And every CFM750 probe 
offers all imaging and Doppler modes foi 
speedier diagnoses. 

Proven hospital versatility to put 
you ahead. And special features to 
keep you ahead. 

The compact, easily moveable CFM75( 
is the ideal unit for adult cardiology, 
pediatric, and neonatal studies. It has 
special features such as the only TEE 
probe with fully steerable CW, pulse 
and high-PRF Doppler. It can be 
™ interfaced with a wide choice of 
4 stress echo systems. And advance 
research capabilities let vou connect the 
CFM750 to an Apple® Macintosh? II. 

The CFM750 will grow with you. It’s 
software-driven, so upgrades and 
enhancements are simple and affordable. 
And it's all from Interspec, a world leader 
in the development of outstanding cardio- 
vascular ultrasound systems. 

So why wait? You can see clearly now. 
Call 800 332-3246. And see for yourself 
why hospital-proven color flow mapping 
is just right for you. 


750 





EET 


P 


PE EN 


CLASSIFIED ADVERTISING | 


SERVICES 


The 
American 
J ournal 






O 
Cardiology 
Classified service for readers who are: 


SEEKING: 


Positions e Associates 


ANNOUNCING: 


Post-Graduate Courses e Symposia 


SELLING: 


Practices e Medical Facilities 


OFFERING: 


Intern & Resident Posts e Academic Posts 


PURCHASING: 
Medical Equipment e Medical Publications 


The American Journal of Cardiology order form 


The classified rate is $90.00 per column inch. An AJC 
box number is an additional $10.00 and for greater ex- 
posure try a one-quarter page ad for $450.00. 

The deadline for your ad copy is the 20th of the second 
month preceding publication for the 1st of month issue. 
For the 15th of month issue the deadline is the 5th of 
month preceding publication. 





Insert my ad times, beginning with (month) issue. 





Institution: (please print) 

Contact Person: 

Address: 

City: 

State : Zip: 
Telephone with area code: 


Authorized signature: 





Please attach the copy of your message to coupon 


Please send all informaticn or inquiries to: 
Margie Hisen 
The American Journal of Cardiology 
249 West 17th Street 
New York, NY 10011 
Tel: (212) 463-6463, Fax: (212) 463-6470 


| A62 


Y Tet EENET: x UNS di cre 





CARDIOLOGIST—ACADEMIC CARDIOLOGIST 


(BOARD CERTIFIED/ELIGIBLE) FOR FULL-TIME @ 
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Relation of Amiodarone Hepatic and Pulmonary 
Toxicity to Serum Drug Concentrations and 
Superoxide Dismutase Activity 


P. Timothy Pollak, MD, PhD, Arjun D. Sharma, MD, and S. George Carruthers, MD 


Hepatic enzymes, pulmonary function, serum 
amiodarone and desethylamiodarone (DEA) concen- 
trations and erythrocyte superoxide dismutase 
(SOD) activity were monitored at regular intervals 
for 1 year in 30 patients receiving amiodarone. 
Subclinical hepatotoxicity developed in 5 patients. 
These patients had higher baseline alanine trans- 
aminase values (42.6 + 6.8 vs 22.9 + 1.8 U/liter) 
and had an increase in serum aspartate trans- 
aminase from 27 + 4.1 at baseline to 147 + 77.3 
U/liter at 12 months. The other patients had little 
variation in aspartate transaminase. Six patients 
with normal baseline carbon monoxide diffusing ca- 
pacity had subclinical pulmonary toxicity develop 
with a mean decrease in diffusing capacity to 0.7 + 
0.05 of the baseline value, which correlated with 
decreasing erythrocyte SOD activity. Mean carbon 
monoxide diffusing capacity and SOD activity re- 
mained unchanged in the other patients. The mech- 
anisms of hepatic and pulmonary injury remain un- 
known, but appear to be associated with exposure 
to higher total serum concentrations of amiodarone 
plus DEA. Patients who had hepatic and/or pulmo- 
nary abnormalities develop received higher doses 
of amiodarone (440 + 27 vs 340 + 18 mg/day), 
but also had a higher amiodarone:DEA ratio sug- 
gesting that dose-dependent kinetics contributed to 
the higher concentrations. Elevated baseline ala- 
nine transaminase may indicate increased risk for 
hepatotoxicity while a progressive decrease in 
erythrocyte SOD may be an early indication of pul- 
monary toxicity. The latter finding indicates a need 
to investigate the role of free radicals in the patho- 
genesis of amiodarone pulmonary toxicity. 

(Am J Cardiol 1990;65:1185- 1191) 


From the Departments of Medicine, University Hospital, University of 
Western Ontario, London, Ontario, Canada, and Victoria General Hos- 
pital, Dalhousie University, Halifax, Nova Scotia, Canada. This study 
was supported by the Canadian Heart Foundation and Medical Re- 
search Council of Canada. Manuscript received October 12, 1989; 
revised manuscript received and accepted January 8, 1990. 

Address for reprints: P. Timothy Pollak, MD, PhD, Department of 
Medicine, 431 MacKenzie Building, Victoria General Hospital, Hali- 
fax, Nova Scotia, Canada, B3H 2Y9. 


miodarone was once considered an almost ideal 

antiarrhythmic agent because of its efficacy 

against arrhythmias resistant to other agents, its 
low incidence of acute adverse effects, its once daily 
dosing and its lack of negative inotropic effects.! Unfor- 
tunately, since its introduction as an experimental agent 
in North America, an increasing number of adverse ef- 
fects have been reported, the most serious occurring in 
the liver and lung? The mechanisms of these toxicities 
remain unknown. Elevations of serum hepatic enzymes 
are reported frequently?^ and in rare cases are associ- 
ated with clinical hepatitis and pathologic changes simi- 
lar to those produced by alcohol abuse.? Despite accu- 
mulating reports of amiodarone pulmonary toxicity, es- 
timates of its incidence are highly variable and the 
factors predisposing to its development remain unclear. 
It has been suggested that amiodarone causes a drug- 
induced lipidosis of the lungs? but the ultrastructural 
pathology would also be consistent with the involvement 
of free radicals." 

The extremely long half-lives of amiodarone 
and desethylamiodarone (DEA)’ have complicated the 
search for correlations between adverse effects and se- 
rum drug concentrations. Although many adverse ef- 
fects occur only after several months of therapy, this 
may still precede the attainment of steady-state amioda- 
rone and DEA serum concentrations. This makes com- 
parisons based strictly on steady-state kinetic correla- 
tions inappropriate for many adverse effects at their 
time of onset. The contribution of the active metabolite, 
DEA, to the clinical and adverse effects of amiodarone 
should also not be overlooked.!? A prospective trial de- 
signed in consideration of these factors was carried out 
to examine kinetic-dynamic relations between adverse 
effects, cumulative dose and increasing serum drug con- 
centrations. Evidence for the role of free radicals in the 
etiology of amiodarone pulmonary toxicity was also 
sought using serial measurements of superoxide dismu- 
tase (SOD) activity. 


METHODS 

Subjects: Informed consent was obtained from pa- 
tients in whom amiodarone therapy was indicated for 
cardiac arrhythmias refractory to treatment with con- 
ventional agents. Patients with hepatic or pulmonary 
disease or life-threatening extracardiac ailments which 
might have interfered with the identification of adverse 
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Group A (No toxicity, n = 20) 
Group B (Toxicity, n = 10)* 
p Valuet 

Total (n = 30) 


Values are mean + standard error of mean. 


Dose 


(mg/kg/day) 


4.23+0.31 


* Toxicity includes 1 patient with both liver and lung changes, 4 patients with liver changes and 5 with lung changes. 
t Probability that difference between the means for group A and group B occurred by chance (2-tailed unpaired t test, except chi-square for sex differences). 





effects were excluded. Age, sex, weight and amiodarone 
dosing of the study patients are listed in Table I. All 
patients were given “loading” doses of amiodarone 400 
mg 4 times daily for 7 days. Patients with atrial ar- 
rhythmias were generally placed on 200 mg/day while 
those with ventricular arrhythmias received 400 mg/ 
day. After adjustments for their response, 4 patients 
continued on 200, 4 on 300, 20 on 400 and 2 on 600 
mg/day. The effects of amiodarone and DEA on heart 
rate, QT interval and corneal morphology in many of 
these patients have been reported before.’ The current 
analysis of adverse effects in the liver and lung was per- 
formed with data from these and additional patients 
who completed the study. 

Protocol: To document changes in hepatic and pul- 
monary function and serum drug concentrations, assess- 
ments were scheduled before administration of amioda- 
rone and at 1, 2, 3, 6, 9 and 12 months after starting 
therapy. During each assessment, blood was drawn for 


Concentration (mg/L) 


1000 


Cumulative Dose (mg/kg) 


the following measurements: routine clinical biochemis- 
try, including serum aspartate and alanine transami- 
nases (AST and ALT); amiodarone and DEA concen- 
trations analyzed by high performance liquid chroma- 
tography!!; and erythrocyte SOD activity analyzed by 
pyrogallol autoxidation rate-reaction.'* Pulmonary 
function tests, including single breath carbon monoxide 
diffusing capacity of the lung (diffusing capacity), vol- 
umes, expiratory flow rates and arterialized capillary 
blood gases, were measured at each assessment and 
chest radiographs were recorded every 3 months. 

The protocol defined hepatic toxicity as elevation to 
twice the upper limit of normal of both AST and ALT 
(normal «30 U/liter). Patients were to discontinue 
therapy if there were clinical manifestations of hepatitis. 
The criteria for pulmonary toxicity were defined as the 
occurrence of any of the following: chest radiograph 
suggestive of interstitial disease without obvious cause; a 
sustained decrease in single breath diffusing capacity or 


Amiodarone:Desethylamiodarone Ratio 


1000 


Cumulative Dose (mg/kg) 





FIGURE 1. A, mean total serum drug (amiodarone plus desethylamiodarone) concentrations versus cumulative dose over 1 


year. Line represents least 


squares 
develop (r? = 0.96, p <0.001). B, ratio of amiodarone:desethylamiodarone concentrations versus cumulative dose over 1 
year. Line represents least squares linear regression for patients who had subclinical hepatic and/or pulmonary toxicity 
develop (r? = 0.85, p <0.01) and for patients who did not have toxicity develop (r? = 0.78, p <0.02). Closed circles repre- 
sent patients who did not have toxicity develop (group A, n = 20); open circles represent patients who had subclinical hepat- 


ic and/or pulmonary toxicity develop (group B, n = 10). 
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Group A (No toxicity, n = 20) 


1 


Time (months) 


Cumulative dose (mg/kg) 219+ 20 345 + 27 

Amiodarone (mg/liter) 1.61 +0.23 1.96 + 0.25 

DEA (mg/liter) 0.79 + 0.09 0.92 + 0.09 
Group B (Toxicity, n = 10)* 

Cumulative dose (mg/kg) 280 + 22 456 + 34! 

Amiodarone (mg/ liter) 1.80 + 0.23 2.45 + 0.34 

DEA (mg /liter) 0.68 + 0.09 0.94+0.15 
Total (n = 30) 

Cumulative dose (mg/kg) 239 + 16 382 + 23 

Amiodarone (mg/liter) 1.68 + 0.17 2.12 + 0.20 

DEA (mg/liter) 0.75 + 0.07 0.92 + 0.08 







480 + 34 878 + 60 1238 + 85 1584 + 102 

2.10 + 0.29 2.16 + 0.28 2.05 + 0.26 2.02 + 0.24 
1.07+0.11 1.11+0.11 1.17 +0.11 1.24 + 0.12 
652 + 53! 1171 € 97! 1700 + 131: 2236 + 179! 
2.41 + 0.30 3.18 + 0.46! 3.17 + 0.48! 3.59 + 0.43! 
1.05 € 0.15 1.39 + 0.20 1.45 + 0.21 1.84 + 0.21t 
538 + 32 976+ 57 1392 + 81 1801 + 106 

2.20 + 0.21 2.50 + 0.25 2.42 + 0.25 2.54 + 0.25 
1.06 + 0.09 1.20+ 0.10 1.27 + 0.10 1.44 + 0.12 
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Values are mean + standard error of the mean. 


forced vital capacity to <80% of baseline values persist- 
ing for >2 consecutive follow-up visits; or cough and 
dyspnea not explained by congestive heart failure or in- 
fectious disease persisting for >1 week of investigation. 
Patients were to discontinue amiodarone therapy if any 
2 of these criteria were met or if chest radiographs 
showed progressive abnormalities. 

Amiodarone and DEA have similar pharmacologic 
activity!®!3:!4 and both would be expected to contribute 
to any correlations between cumulative dose, concentra- 
tion and effects. Therefore, comparisons in this study 
are with “total serum drug concentration” used to de- 
note the concentration of amiodarone plus DEA (mg/ 
liter). 
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Concentration (mg/L) 


* Toxicity includes 1 patient with both liver and lung changes, 4 with liver changes and 5 with lung changes. 
t Value for group B statistically different from group A (p $0.05 by 2-tailed unpaired t test). 










Statistical analysis: Data are presented as the mean 
+ standard error of the mean. Student's t test was used 
to compare parameters between groups at baseline. 
Two-way analysis of variance was performed to confirm 
changes from baseline measurements over time. Least 
squares linear regression was performed to determine 
the degree of correlation between dose and concentra- 
tions. A p value 0.05 was considered statistically 
significant. 


RESULTS 

During 12 months of follow-up, no patients had clin- 
ical abnormalities develop that necessitated withdrawal 
of amiodarone, but 10 patients had subclinical hepatic 


TR. 


Alanine Transaminase (U/L) 


10.2.9 4 BS: — 4:0 
Concentration (mg/L) 


FIGURE 2. A, mean serum aspartate transaminase concentrations versus total serum drug (amiodarone plus desethyl- 


amiodarone) concentrations over 1 year. Line represents least 


linear regression for concentrations after baseline in 


squares 
patients who had subclinical hepatic toxicity develop (r? = 0.97, p <0.001). B, mean serum alanine transaminase 


concentrations versus total serum drug concentrations over 1 year. Line represents least 


squares linear regression for 


concentrations after baseline in patients who had subclinical hepatic toxicity develop (r2 = 0.96, p <0.001). Open circles 
patients who had subclinical hepatic toxicity develop (n = 5); closed circles represent patients who did not have 


represent 
hepatic toxicity develop (n = 25). 
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and/or pulmonary toxicity develop according to the cri- 
teria of the study design. Of these patients, 1 had both 
hepatic and pulmonary abnormalities, 4 had hepatic ab- 
normalities and 5 had pulmonary abnormalities. All but 
3 patients (89%) were controlled without arrhythmia re- 
currence by the second month. 

Serum drug concentrations: Total cumulative dose, 
amiodarone concentrations and DEA concentrations are 
listed in Table II. In both the group of 20 patients with- 
out abnormalities (group A) and the group of 10 pa- 
tients with abnormalities (group B), the mean total se- 
rum drug concentrations increased at the same rate per 
cumulative dose over the first 3 observations (Figure 
1A). By the time a cumulative dose of 500 mg/kg was 
reached, mean total serum drug concentration had 
stopped increasing in group A while it continued to in- 
crease at the same rate per unit cumulative dose until 
the end of follow-up group B. Differences in concentra- 
tions between the 2 groups were statistically significant 
from the fourth observation (6 months) onward. 

The amiodarone:DEA ratio starts at infinity imme- 
diately after the first dose of amiodarone when DEA 
concentrations are 0. The ratio had reached 2.8 + 0.4 
by the first observation in group B, which was statisti- 
cally different from the 2.0 + 0.2 value (p <0.04) in 
group A. As shown in Figure 1B, the metabolic ratio 
remained higher in group B and decreased gradually in 
both groups throughout the study with slopes which 
were not statistically different. 

Hepatic: Five patients were classified as having had 
subclinical hepatotoxicity develop, but no cases of clini- 
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cal jaundice or symptomatic hepatitis occurred. In the 5 
patients with hepatic abnormalities, mean concentration 
of AST increased steadily over 12 months from 27 c 
4.1 to 147 + 77.3 U/liter (p <0.05). Mean concentra- 
tion of AST in the patients without hepatotoxicity was 
26 + 4.4 U/liter at baseline and did not change over 12 
months. As shown in Figure 2A, the log of mean con- 
centration of AST was proportional to total serum drug 
concentration in the 5 patients who had abnormalities 
develop (r? = 0.97, p «0.001). The slope of the line 
fitting the increase in AST concentrations suggests that 
a threshold serum drug concentration of 2 mg/liter was 
reached before any increase in the mean AST occurred. 
The baseline ALT of 43 + 6.8 U/liter in patients who 
had hepatic abnormalities develop was statistically high- 
er than the baseline of 23 + 1.8 U/liter in the other 
patients (p «0.001). Of the 5 patients who had hepatic 
abnormalities develop, 4 (80%) had baseline ALT val- 
ues above the upper limit of normal (30 U/liter), while 
only 5 of 25 (20%) patients who did not have hepatotox- 
icity develop were >30 U/liter at baseline (p «0.05). 
Mean ALT increased to >5 X baseline by 12 months in 
the 5 patients who had hepatic abnormalities develop. 
As shown in Figure 2B, the log of mean concentration 
of ALT was proportional to total serum drug concentra- 
tion in these patients (r? = 0.96, p «0.001). Again, the 
slope of the line fitting the increase in ALT concentra- 
tions suggests that a threshold concentration is reached 
before any increase in ALT occurs. Mean ALT also in- 
creased slightly in the patients who did not have hepatic 
abnormalities develop, increasing from 23 + 1.8 to 33 + 
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FIGURE 3. A, mean pulmonary carbon monoxide diffusing capacity versus total serum drug (amiodarone plus desethylamio- 
darone) concentrations over 1 year. Line represents least squares linear regression for patients who had subclinical pulmo- 
nary toxicity develop (r? — 0.94, p «0.001). B, mean pulmonary carbon monoxide diffusing capacity versus erythrocyte 


superoxide dismutase activity over 1 year. Line 


least squares linear regression for patients who had subclinical 


pulmonary toxicity develop (r? — 0.60, p «0.04). Open circles represent patients who did not have subclinical 
toxicity develop (n = 6); closed circles represent patients who did not have pulmonary toxicity develop (n = 24). 
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3.1 U/liters (p <0.05). Most of this increase occurred 
late in the study after mean total serum drug concentra- 
tion had reached 3.5 mg/liter. There were no changes in 
erythrocyte SOD activity in patients in whom hepatic 
abnormalities developed. 

Pulmonary: Six patients were classified as having 
subclinical pulmonary toxicity develop on the basis of 
sustained decreases in diffusing capacity >20%. None 
of these patients had respiratory infections or congestive 
heart failure. There were no statistically significant 
changes in diffusing capacity in the patients who did not 
have pulmonary abnormalities develop. There was no 
difference in baseline diffusing capacity between the 2 
groups. No patients had any radiographically apparent 
interstitial lung disease develop during the study and 
there were no clinically important changes in lung vol- 
umes, expiratory flow rates or arterialized capillary 
blood gases in any of the patients. As shown in Figure 
3A, the progressive decrease in mean diffusing capacity 
in the 6 patients who had pulmonary abnormalities de- 
velop was in proportion to increasing total serum drug 
concentration (r? = 0.94, p <0.001). 

Mean erythrocyte SOD activity decreased from a 
baseline of 595 + 32 to 479 + 24 ng/mg-hemoglobin (p 
<0.05) in the patients who had pulmonary abnormali- 
ties develop. SOD activity did not change from the 
baseline value of 504 + 26 ng/mg-hemoglobin in pa- 
tients who did not have pulmonary abnormalities devel- 
op. The difference in baseline values between the 2 
groups was not statistically significant (p <0.1). As 
shown in Figure 3B, changes in diffusing capacity were 
proportional to changes in mean erythrocyte SOD activ- 
ity in the 6 patients with pulmonary abnormalities (r? = 
0.60, p <0.04). One of the 6 patients with subclinical 
pulmonary abnormalities with a 27% decrease in eryth- 
rocyte SOD activity had dyspnea and radiographic 
changes diagnostic of overt amiodarone pulmonary tox- 
icity develop 1 year after the completion of the study. 
He was given alternative antiarrhythmic therapy and 
the pulmonary changes regressed. 


DISCUSSION 

As postulated in the past, the development of toxici- 
ty is associated with receiving higher doses of amioda- 
rone. Patients requiring larger doses to control their ar- 
rhythmia will be at greater risk for toxicity. In Table I, 
it is seen that group B was receiving 40% more amioda- 
rone (in mg/kg/day) than group A, but differences in 
the rate of increase in serum drug concentrations after a 
total cumulative dose of 500 mg/kg suggest that the 
increased risk of toxicity is also contributed to by differ- 
ences in the pharmacokinetics of amiodarone in the pa- 
tients who had abnormalities develop. If both groups 
had the same average elimination rate, they should both 
have reached steady-state at the same time, but with 
group B having 40% higher serum drug concentrations. 
Instead, total serum drug concentrations continued to 
increase in group B indicating that elimination was de- 
creased. The higher amiodarone:DEA ratio in group B 
suggests that part of the delay in reaching plateau drug 
concentrations was due to inhibition of the hepatic de- 


sethylation of amiodarone. Other investigators have also 
found that the amiodarone:DEA ratio increases with 
dosage, such that patients on 200, 400 and 600 mg/day 
for several months had ratios of 1.6, 1.7 and 1.9, respec- 
tively.!5 This is consistent either with saturation of the 
metabolic pathways producing nonlinear kinetics as 
seen with phenytoin or with autoinhibition of metabo- 
lism as seen with erythromycin. The latter is certainly 
possible, because amiodarone inhibits the hepatic me- 
tabolism of other drugs.!ó 

The 5 patients who had subclinical hepatotoxicity 
develop typically had values of ALT above normal at 
baseline. Mean ALT increased in both the group in 
whom hepatic abnormalities developed and, to a lesser 
degree, in those who did not, suggesting that ALT is a 
sensitive indicator of the effects of amiodarone on the 
liver. In contrast, the lack of fluctuation in AST values 
in patients who did not have subclinical hepatotoxicity 
develop is readily apparent in Figure 3A. This suggests 
that increases of AST to twice the upper limit of normal 
are a specific indicator of sustained adverse effects of 
amiodarone on the liver. Therefore, while minor eleva- 
tions of serum hepatic enzymes are frequent in patients 
receiving amiodarone,’ those with abnormal baseline 
ALT and those who had increases in AST >60 U/liter 
develop should be followed more closely. 

Progressive increases in AST and ALT in the 5 pa- 
tients who had subclinical hepatitis develop did not oc- 
cur until mean total serum drug concentration reached 
2 mg/liter, suggesting that a threshold serum drug con- 
centration is reached before increases in transaminases 
begin. The small increase of ALT after total serum 
drug concentrations reached 3.5 mg/liter in the patients 
without hepatic abnormalities implies that these pa- 
tients have a higher threshold, but if given abnormally, 
high doses might also lead to hepatotoxicity. 

In those patients who had hepatic abnormalities de- 
velop, changes in log AST correlated with rising total 
serum drug concentrations. This confirms the findings 
of Harris et al? but the relation in this study was much 
stronger because only patients who had hepatic abnor- 
malities develop are included. There was no change in 
AST in the other patients making it inappropriate to 
attempt to show a correlation between AST and drug 
concentration in them. 

The mechanism of hepatic toxicity remains undeter- 
mined. The similarity between alcoholic cirrhosis and 
severe cases of amiodarone-induced hepatitis? is consis- 
tent with the involvement of free radicals. An alcoholic's 
risk of having fibrosing liver damage develop appears to 
be determined by the pattern of P-450 induction, which 
can generate toxic-free radical intermediates. Since 
amiodarone alters P-450 drug metabolism,! it is possi- 
ble that metabolic pathways could be shifted by amio- 
darone to increase the production of such toxic interme- 
diates. Biopsies from patients with amiodarone-induced 
hepatic abnormalities have characteristic lysosomal la- 
mellar inclusion (myeloid) bodies also seen in the cyto- 
plasm of human hepatocyte cultures incubated with 
amiodarone.!? These could represent the attack of free 
radical intermediates. If binding with intracellular 
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membrane lipids occurred directly in the liver, there 
would be no formation of superoxide and no alteration 
of SOD activity. This would be consistent with the lack 
of changes in erythrocyte SOD activity in patients in 
whom hepatic abnormalities developed. More specific 
indicators of free radical generation would be required 
to study the possible involvement of activated metabo- 
lites in the pathogenesis of amiodarone hepatotoxicity. 

Six of the 30 subjects in this study had subclinical 
pulmonary toxicity develop, 1 of whom progressed to 
radiologically identifiable interstitial disease after com- 
pleting the study, requiring cessation of therapy. While 
changes in diffusing capacity are not specific, they are a 
sensitive predictor of amiodarone pulmonary toxicity.?0 
The study protocol was designed with the arbitrary 
choice of a 20% decrease in diffusing capacity as a crite- 
rion for subclinical toxicity based on a report by Anas- 
tasiou-Nana et al.?! Their findings that one-third of the 
patients receiving amiodarone had a 20% decrease in 
diffusing capacity develop and that one-third of these 
proceeded to have overt pulmonary toxicity develop are 
similar to the results of this study. No other explanation 
for decreased diffusing capacity could be found in the 6 
patients classified as having subclinical pulmonary tox- 
icity develop. Further support of the diagnosis of sub- 
clinical toxicity is lent by the progressive and sustained 
nature of the decrease in mean diffusing capacity and 
its correlation with total serum drug concentration in 
these 6 patients (1 of whom later progressed to clinical 
toxicity). There was no change in diffusing Capacity in 
the rest of the study population. Therefore, it is inappro- 
priate to consider that a general relation exists between 
total serum drug concentration and diffusing Capacity. 
These findings suggest that differences in sensitivity 
and/or a threshold toxic concentration exist in patients 
who have pulmonary toxicity develop. Baseline diffusing 
capacity in patients in whom toxicity developed in this 
study did not differ from that in other patients, as seen 
in a previous large study% and no consistent changes in 
lung volumes, flow rates or blood gases were observed in 
any of the patients. 

Although it is potentially life-threatening, the first 
case of pulmonary toxicity associated with amiodarone 
therapy was not reported until 15 years after the intro- 
duction of amiodarone in Europe. The estimated inci- 
dence of this complication ranges from 0% as observed 
in a study looking specifically for pulmonary toxicity in 
193 patients’? to 17%.” It has been speculated that the 
high incidence of pulmonary toxicity reported after ami- 
odarone was introduced to North America was associ- 
ated with the use of higher doses. This stems from its 
use in the treatment of seriously ill patients with refrac- 
tory arrhythmias, in contrast to its use for the treatment 
of mild arrhythmias in Europe. Seriously ill patients not 
only receive higher doses, but their constitution may be 
more susceptible to adverse effects and less able to toler- 
ate pulmonary toxicity, thus increasing mortality. Yet, 
the discrepancy in incidence between the continents is 
so large that possible genetic or dietary influences on 
the metabolism of amiodarone or other metabolic func- 
tions cannot be discounted. 
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The mechanism of amiodarone pulmonary toxicity 
has not been determined, but its ultrastructural patholo- 
gy has been the basis of several theories concerning its 
etiology. Lamellar inclusion bodies similar to those of 
drug-induced lipidosis are observed in the lung biopsies 
of these patients. A widely accepted hypothesis is that 
these result from disruption of intracellular lipid metab- 
olism by the amphiphilic structure of amiodarone. 
However, paraquat toxicity, a prototype of free radical 
injury, produces the same multilamellar bodies? and 
causes lung pathology very similar to the changes that 
occur with amiodarone pulmonary toxicity. It has been 
proposed that free radical oxidant injury may also be 
the mechanism of injury in amiodarone toxicity." The 
lamellar inclusions seen in patients receiving amioda- 
rone are often identified as lipofuscin,^ which is 
thought to be a marker of free radical damage.25 The 
inclusion bodies observed in amiodarone pulmonary tox- 
icity would be consistent with lipid peroxidation injury 
with accumulation of the resultant denatured lipids in 
lysosomes. 

The contribution of free radicals to the toxicity of 
many common drugs, such as nitrofurantoin and bleo- 
mycin, which are metabolized to reactive intermediates 
capable of causing hepatic and pulmonary toxicity, is 
becoming more widely recognized. Nitrofurantoin, 
which like amiodarone contains a furan ring, is also 
pneumotoxic and neurotoxic.” Bleomycin pulmonary 
toxicity produces abnormalities in the lungs very similar 
to those seen in amiodarone toxicity." Recent studies 
have shown that many drug toxicities reported as “hy- 
persensitivity" or “idiosyncratic” are due to abnormal 
production of activated metabolic intermediates.28 This 
should be considered when evaluating unusual drug tox- 
icities such as those of amiodarone. 

Several models of amiodarone pulmonary toxicity 
are consistent with the production of oxygen free radi- 
cals. Infusing amiodarone into a rabbit lung preparation 
produces edema from an immediate increase in micro- 
vascular permeability. This is markedly attenuated by 
decreasing oxygen concentration or by the addition of 
N-acetylcysteine, vitamin E or butylated hydroxyani- 
sole.? Cultures of bovine pulmonary artery endothelial 
cells exposed to amiodarone develop intracytoplasmic 
lamellar inclusions and cellular membrane disruption.2° 
Phototoxicity models have shown that exposure of amio- 
darone to ultraviolet light produces a free radical spe- 
cies.?! Therefore, amiodarone could conceivably be acti- 
vated to toxic intermediates in the body causing adverse 
effects in those patients in whom the rate of activation 
exceeds their genetic ability to detoxify the intermedi- 
ates. Production of free radicals in biologic systems usu- 
ally leads to the formation of superoxide, which in turn 
influences the activity of SOD. For example, excess su- 
peroxide production from lethal doses of paraquat over- 
whelm the SOD enzyme and decrease its activity to be- 
low detectable limits.?? 

Erythrocytes yield an easily accessible tissue for the 
measurement of SOD activity, which was chosen in this 
study as a simple method to obtain preliminary evidence 
that amiodarone alters free radical metabolism in hu- 
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mans. Amiodarone enters both erythrocytes and lung 
tissue and produces the same lamellar inclusion bodies 
in both.?? It would be reasonable to expect changes in 
free radical defenses to occur in both tissues if the 
pathogenesis of amiodarone pulmonary toxicity involves 
free radicals. The correlation of mean decrease in dif- 
fusing capacity to a decline in mean SOD activity in the 
patients who had subclinical pulmonary toxicity develop 
would be consistent with either an amiodarone-induced 
increase in free radical production overwhelming the 
SOD reserve or an amiodarone-related inhibition of 
SOD function. In either case, lung tissue would be less 
capable of detoxifying oxygen radicals and result in tox- 
icity similar to that seen in patients with genetic defects 
in the production of SOD. In these patients the severity 
of their pulmonary toxicity correlates with the activity 
of erythrocyte SOD.** While the decrease in SOD ac- 
tivity observed in the erythrocytes of patients who had 
amiodarone pulmonary toxicity develop is not proof of a 
free radical mechanism, the possibility cannot be dis- 
counted in view of the current body of evidence. Further 
investigation into the effect of amiodarone on the me- 
tabolism of free radicals is warranted. Identification of 
a free radical etiology for amiodarone adverse effects 
would be clinically important for 2 reasons. First, it may 
be possible to develop markers such as erythrocyte SOD 
to identify patients at risk for free radical induced toxic- 
ity. Second, therapeutic maneuvers such as decreasing 
inspired oxygen concentration and the use of pharmaco- 
logic scavengers of free radicals might modify the evolu- 
tion of toxic effects. 

Despite problems with toxicity during long-term ad- 
ministration, amiodarone remains a clinically important 
antiarrhythmic agent. The results of this study have 
confirmed that its adverse effects on the liver and lung 
are related to dose and serum drug concentration. How- 
ever, amiodarone does not appear to uniformly affect 
liver and lung function in all patients. Rather the obser- 
vations imply that some patients are more sensitive than 
others. Amiodarone also shows nonlinear kinetics and 
may inhibit its own elimination, leading to prolonged 
drug accumulation to concentrations high enough to 
cause adverse effects. Therefore, the minimum effective 
dose of amiodarone should be used, the patient's size 
should be taken into consideration when assigning doses 
and the possibility of reducing the dose later in therapy 
should be repeatedly assessed even as late as the second 
year of therapy. 
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Effect of Empiric Antiarrhythmic Therapy 
in Resuscitated Out-of-Hospital Cardiac Arrest 
Victims with Coronary Artery Disease 
Ali R. Moosvi, MD, Sidney Goldstein, MD, Sharon VanderBrug Medendorp, MPH, 


J. Richard Landis, PhD, Robert A. Wolfe, PhD, Richard Leighton, MD, 
George Ritter, MD, C. Mark Vasu, MD, and Allyn Acheson 


The effect of empiric antiarrhythmic therapy with 


quinidine and procainamide on long-term mortality 
was examined in 209 patients with coronary artery 
disease resuscitated after out-of-hospital cardiac 
arrest. The antiarrhythmic agent used was deter- 
mined by the patient’s private physician without 
knowledge of the study ambulatory electrocardio- 
gram. Of the 209 patients, procainamide was pre- 
scribed in 45 (22%), quinidine in 48 (23%) and no 
antiarrhythmic therapy in 116 (55%). Digoxin 
therapy was initiated in 101 patients. The 2-year 
total survival rate for the quinidine, procainamide 
and nontreated patients was 61, 57 and 71% (p 
<0.05), and for sudden death was 69, 69 and 89% 
(p <0.01), respectively. These observations suggest 
that empiric antiarrhythmic therapy in survivors of 
out-of-hospital cardiac arrest did not affect total 
mortality and was associated with an increased fre- 
quency of sudden death. 

(Am J Cardiol 1990;65:1192-1197) 
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with cardiovascular disease is currently being re- 
evaluated in the light of new clinical data.! Al- 
though these drugs are effective in suppressing ventricu- 
lar arrhythmias, they have not been shown to prolong 
life in a randomized controlled trial. The recent reports 
of the Cardiac Arrhythmia Suppression Trial indicate 
that certain drugs may actually be associated with an 
accelerated mortality despite their ability to suppress 
ventricular ectopy. Victims resuscitated after out-of- 
hospital cardiac arrest are known to be at an increased 
risk of another cardiac arrest. Frequent ventricular ec- 
topy is known to be a characteristic of these patients,?3 
and it is presumed that treatment with antiarrhythmic 
agents may have a salutary effect on their mortality 
rate. Several studies in patients with frequent ventricu- 
lar ectopy using a variety of antiarrhythmic agents with 
and without electrophysiologic guidance report a de- 
crease in mortality rate when compared to historical 
controls.^-6 
In a previous report by us, the most significant clini- 
cal predictor of total mortality in this group of resusci- 
tated out-of-hospital survivors was a history of digoxin 
therapy; for sudden death it was quinidine therapy? 
Frequent and repetitive ventricular ectopy was also 
demonstrated to be predictive of total mortality in this 
population.’ The increased mortality rate associated 
with digoxin and quinidine therapy was thought to be 
due either to the adverse effect of the drugs or to the 
presence of heart failure for which digoxin therapy 
could be considered a surrogate. This study retrospec- 
tively compares the effect of empiric therapy with quini- 
dine, procainamide or placebo, with and without con- 
current digoxin therapy, on survival in patients who 
have been resuscitated after an out-of-hospital cardiac 
arrest. 


sk efficacy of antiarrhythmic agents in patients 


METHODS 

This is a retrospective analysis of the effect of empir- 
ic antiarrhythmic therapy in previously reported pa- 
tients resuscitated after out-of-hospital cardiac arrest? 
from July 1, 1975, through June 30, 1982. Informed 
consent was obtained and eligible patients were regis- 
tered. Laboratory and electrocardiographic data were 
collected. Hospital and Emergency Medical Service 
records were reviewed for clinical information relating 
to medical history. Because study ambulatory electro- 
cardiographic data were not available at the time of dis- 
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charge or at any time during the follow-up, the medical 
management of patients in regard to treatment of car- 
diac failure and arrhythmias was determined by each 
patient’s private physician without regard to this 
information. 

The patients were classified using previously de- 
scribed methodology. Of the 274 patients successfully 
resuscitated, 227 (83%) were classified as having signifi- 
cant coronary heart disease, based on the presence of a 
previous myocardial infarction, angina pectoris or coro- 
nary angiographic evidence of significant coronary arte- 
rial obstruction. Of these 227 patients, complete data 
regarding digoxin and antiarrhythmic drug therapy 
were available in 209 (7696) patients. This group of 209 
patients is the population analyzed in this study. Eighty- 
six (41%) of these patients were classified as having 
an acute myocardial infarction, 79 (3890) an ischemic 


FIGURE 1. Cumulative total survival for 
the study population. 
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event and 44 (2196) primary arrhythmic events. Patients 
were interviewed by the study nurse 2 months after dis- 
charge, and every 4 months thereafter. After each visit 
the clinical status of the patient was evaluated and com- 
pliance for all medication was established. 

Death within 1 hour of new or accelerating symp- 
toms was classified as sudden death. The follow-up peri- 
od ranged from a minimum of 6 months to a maximum 
of 93 months with an average of 35 months. Quinidine 
was prescribed as quinidine gluconate or sulfate 3 to 4 
times daily for a total average dose of 1.14 g (range 0.6 
to 2.6). The average daily dose of procainamide was 2.0 
g (range 0.75 to 3.0) administered every 4 to 6 hours. 
Digoxin was prescribed in a dose of 0.125 or 0.25 mg. 
Blood concentrations of the drugs were not obtained. 

The cumulative mortality graphs for antiarrhythmic 
agents were based on assignment of antiarrhythmic 
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FIGURE 2. Cumulative sudden death 
survival for the study population. 
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drug at the time of discharge. The survival distributions 
of the 3 treatment groups overall and within digoxin 
status categories were calculated using the product-limit 
method and compared using the log rank test? The 
Cox-Breslow life table procedure, as implemented in the 
BMDP series, was used to examine the importance of 
possible covariates. !° 


RESULTS 

Characteristics of study patients are listed in Table 
I. Patients were classified at the time of discharge into 6 
groups based on the prescription of quinidine and pro- 
cainamide and whether or not digoxin therapy was used 
in each of these groups. 

When the patients prescribed digoxin were com- 
pared to those who were not, a significant (p <0.001) 
difference was observed in some factors. Patients pre- 
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scribed digoxin were older (65 vs 60 years), and had an 
increased incidence of previous myocardial infarction, 
pulmonary congestion and diuretic intake. The antiar- 
rhythmic prescription, however, was not significantly 
different. At the 3-month follow-up visit, 96.4% of those 
prescribed quinidine and 92.3% of those prescribed pro- 
cainamide were still taking their original drug. At 6 
months, 76.7% and 78.6%, respectively, of patients con- 
tinued with their initial drug therapy. 

When concomitant digoxin therapy was disregarded, 
cumulative total (Figure 1) and sudden death (Figure 
2) survival rates were significantly lower for patients 
treated with procainamide and quinidine, compared to 
those who did not receive these drugs. The 2-year cu- 
mulative total survival rates (Figure 1) for quinidine, 
procainamide and no therapy were 61, 57 and 71%, re- 
spectively (p <0.05). The 2-year sudden death survival 
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FIGURE 3. Cumulative total survival in 
patients not receiving digoxin (A) and 
those receiving digoxin (B). 
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rates (Figure 2) for the quinidine, procainamide and no 
therapy groups were 69, 69 and 89%, respectively (p 
<0.01). 

The effect of the concomitant use of digoxin with the 
antiarrhythmic agents on the total survival was not as- 
sociated with a statistically significant difference be- 
tween the 3 antiarrhythmic treatment groups (Figure 
3). Patients receiving digoxin, however, generally had a 
worse total survival rate. The 2-year cumulative survival 
rates for quinidine, procainamide and no therapy groups 
in patients not receiving digoxin (Figure 3A) were 75, 
63 and 79%, respectively (p = 0.16), and in patients 
receiving digoxin (Figure 3B) were 43, 51 and 61%, re- 
spectively (p = 0.19). 

When sudden death survival (Figure 4) was exam- 
ined, both quinidine- and procainamide-treated patients 
experienced a worse sudden death survival rate com- 







Cumulative Survival 
Sudden Deaths 





pared to the no treatment group, regardless of concur- 
rent digoxin therapy. The 2-year sudden death survival 
rates for quinidine, procainamide and no therapy groups 
in patients not receiving digoxin (Figure 4A) were 79, 
63 and 91%, respectively (p <0.05), and in patients re- 
ceiving digoxin were 57, 76 and 88%, respectively (p 
<0.05). 

While the relation of digoxin and antiarrhythmic 
therapy to worse survival seems clear when examined 
univariately, given the design of the study and the 
mechanism for assigning treatment, it is possible that 
they are not the only predictors of survival. This is indi- 
cated by the association of digoxin therapy with various 
other factors such as age and previous myocardial in- 
farction (Table I). Using a stepwise model building pro- 
cedure, the predictive value of age, previous myocardial 
infarction and pulmonary congestion, along with digox- 
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r FIGURE 4. Cumulative sudden death sur- 
vival for patients not receiving digoxin (A) 
^! and those receiving digoxin (B). 
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None 
(n = 64) 


Mean age (yrs) 

History (%) 
Angina 
Heart failure 
Hypertension 
Previous MI 

Hospital course (%) 
Acute MI 
PC 

Medications at discharge (%) 
Other antiarrhythmics 
Diuretics 
Propranolol 


* p <0.001 no digoxin vs digoxin group. 


Digoxin 
Both None 
(n = 108) 


MI = myocardial infarction; P = procainamide; PC = pulmonary congestion by x-ray; Q = quinidine. 


in and antiarrhythmic status, was considered for both 
overall survival and sudden death survival. The stron- 
gest predictors of death were age and previous myocar- 
dial infarction, while the strongest predictors for sudden 
death were age, treatment with an antiarrhythmic agent 
and previous myocardial infarction. These results indi- 
cate that antiarrhythmic therapy is related to worse sur- 
vival. However, with this study design it is difficult to 
determine if the poorer survival is related to the anti- 
arrhythmic drug itself or to additional factors. 


DISCUSSION 

It must be emphasized that this is a retrospective 
analysis of a very unique patient population in whom 
antiarrhythmic agents were administered empirically. It 
is not a randomized, controlled study of antiarrhythmic 
therapy in this population. Nevertheless, it does raise 
some important issues in regard to therapy of this high 
risk population. The choice of antiarrhythmic therapy 
was made by the practicing physician, who was un- 
aware of the results of the ambulatory electrocardio- 
gram. It is possible that physicians identified the high 
risk patient by other clinical characteristics and there- 
fore chose to initiate antiarrhythmic therapy. This could 
explain the higher mortality rate observed in the pa- 
tients prescribed antiarrhythmic therapy. With the ex- 
ception of baseline differences in patients receiving di- 
goxin, there were no consistent differences in regard to 
the administration of antiarrhythmic agents. The pre- 
scribed dosage of quinidine and procainamide was in 
the usual dose range and drug compliance is consistent 
with other antiarrhythmic trials. We observed in this 
analysis that patients who received no therapy appeared 
to fare the best, although this reached statistical signifi- 
cance only in the sudden death group. 

Our previous examination of predictors of death in 
resuscitated out-of-hospital cardiac arrest victims indi- 
cated that the history of digoxin therapy is associated 
with worse survival rate. This observation suggested 
that heart failure was a significant predictor of 
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subsequent death, and this has been supported by 
others.':''"!3 However, digoxin therapy, left ventricular 
dysfunction and ventricular ectopy are so closely inter- 
related that it is difficult to isolate the importance of 
each of these factors.!?:!^ The present analysis indicates 
that the use of digoxin was one of a number of multivar- 
iate predictors associated with an overall decreased total 
survival rate. 

Antiarrhythmic therapy in patients resuscitated af- 
ter a cardiac arrest has been generally considered advis- 
able, if not mandatory, since a high frequency of ven- 
tricular arrhythmia is associated with an accelerated 
mortality rate.^/ The suggestion that antiarrhythmic 
therapy can be of benefit in this population has come 
from uncontrolled drug therapy directed by ambulatory 
electrocardiography or electrophysiologic studies. Using 
serial ambulatory electrocardiographic monitoring, the 
use of multiple antiarrhythmic agents in high risk pa- 
tients appeared to show a decreased mortality compared 
to historical controls. A major confounding variable, 
however, is the association of ventricular ectopy with 
left ventricular dysfunction. Arrhythmia suppression 
and the associated risks of therapy are adversely influ- 
enced by a decreased ejection fraction.!:!7:!8 The Cardi- 
ac Arrhythmia Suppression Trial examined the effect of 
arrhythmia suppression on sudden death mortality.! En- 
cainide and flecainide arms of the study were prema- 
turely stopped when an increased rate of arrhythmic 
death and total mortality was observed with those drugs 
compared to placebo. The sudden death rate at 1 year 
for patients with ejection fractions <30% was 9.5% with 
drugs and 3.6% with placebo. In patients with ejection 
fractions >30%, it was 3.7% and 0.8%, respectively. 

Balanced against the uncertain benefits of antiar- 
rhythmic therapy are the well-documented proarrhyth- 
mic effects of a number of these agents.!!.19-22 Adverse 
reaction to antiarrhythmic agents is adversely affected 
by digoxin and diuretic therapy.!? These events are pre- 
sumed to occur early after the institution of drug thera- 
py, and were observed with almost all of the currently 


available agents.2! There was a tendency in this study 
for an accelerated mortality early after initiation 
of therapy but the survival curves continued to fall 
throughout the follow-up period, which is similar to the 
observations of the Cardiac Arrhythmia Suppression 
Trial. 

Although our data are applicable to a very unique 
group of patients with coronary artery disease, they also 
have important implications for patients with coronary 
artery disease in general, and they are consistent with 
recent studies.! Our present observations suggest that 
empiric antiarrhythmic therapy with quinidine and pro- 
cainamide fails to provide protection in this high risk 
group. In each survival analysis, the patients who did 
not receive an antiarrhythmic agent fared better than 
those who were treated with these drugs, although this 
was statistically significant only in regard to sudden 
death. These observations should give us pause before 
embarking on empiric antiarrhythmic therapy in this 
high risk population. 
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A New Pacing Method for Rapid Regularization 
and Rate Control in Atrial Fibrillation 


Chu-Pak Lau, MD, MRCP, Wing-Hung Leung, MB, MRCP, Cheuk-Kit Wong, MB, MRCP, 
Yau-Ting Tai, MB, MRCP, and Chun-Ho Cheng, MB, MRCP 
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In 15 patients with atrial fibrillation (AF ), a single 


right ventricular extrastimulus (intercalated pacing) 
was delivered after every sensed conducted beat 
resulting in a reduction in rate. This method was 
used in 10 patients with lone AF and the average 
success rate of inducing coupling was 86 + 14% 
(range 64 to 100), using a mean coupling interval 
of 232 + 28 ms (range 175 to 290). During inter- 
calated pacing, the pulse rate of AF was reduced 
(from 137 + 26 to 75 + 14 beats/min, p <0.001), 
intercalated pacing resulted in enhancement of 
mean stroke volume (28 + 6 vs 44 + 10 ml in AF, p 
« 0.0001), pulse pressure and the pulse-to-pulse 
regularity. Both the systolic and diastolic arterial 
pressures were regularized. The reduction in pulse 
rate during intercalated pacing was determined by 
the coupling interval, and the induction of con- 
cealed ventriculoatrial conduction (82 + 44 ms). 
Myocardial lactate extraction was similar during 
AF and short-term intercalated pacing (28 + 10 vs 
25 + 9%, difference not significant). In 5 patients 
with severe mitral stenosis in AF, intercalated pac- 
ing resulted in an improvement in the cardiac out- 
put (3.1 + 0.2 vs 3.4 + 0.2 liters/min, p «0.04), a 
reduction in the gradient across the mitral valve 
(16 + 8 vs 10 + 5 mm Hg, p «0.02), and a reduc- 
tion in pulmonary arterial and wedge pressures. 
This new pacing method thus achieved rapid tem- 
porary control of rate, regularity and cardiac hemo- 
dynamics during AF, which were more prominent 
in patients with mitral stenosis and restricted left 
ventricular filling. 

(Am J Cardiol 1990;65:1 198-1203) 
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tures of atrial fibrillation (AF). Irregularity in 

ventricular rate during AF was postulated to be 
due to variable concealed anterograde atrioventricular 
nodal conduction induced by the effect of rapid atrial 
stimuli on the atrioventricular node.!- Although digi- 
talis remains the mainstay of treatment in controlling 
the ventricular response in AF,‘ its effects on rate con- 
trol can be limited during exercise and excitement.5~7 
The addition of either a B-blocking agent or calcium 
antagonist can enhance the rate control $9-!! but in 
some patients effective symptomatic control can only be 
effected with His bundle ablation and implantation of a 
permanent pacemaker.!? In addition, drug treatment of 
AF does not reduce the irregularity of the rhythm that 
is experienced by some patients. 

It is a well-known clinical observation that randomly 
occurring ventricular ectopic contractions can prolong 
the compensatory pause during AF, an effect suggested 
to be due to concealed ventriculoatrial conduction as 
early as 1965.? With the development of techniques of 
cardiac pacing and electrophysiologic studies, it be- 
comes possible to artificially introduce a ventricular 
stimulus after a sensed conducted beat at desired cou- 
pling intervals. The effects on the regularity, pulse rate 
control and cardiac hemodynamics during a pacing pro- 
tocol in which a regularly introduced ventricular stimu- 
lus was effected for every conducted beat during AF 
were investigated in this study. Such effects were evalu- 
ated in patients with lone AF and in patients with AF 
complicating severe mitral stenosis. 


Re: and irregular ventricular responses are fea- 


METHODS 

A total of 15 patients were included in this study. 
Group | consisted of 10 patients (7 women, mean age 
53, range 42 to 71 years) who had paroxysmal AF with- 
out clinical and echocardiographic evidence of structur- 
al heart disease. All had normal left ventricular function 
as assessed by echocardiography. AF was induced in 
these patients by right atrial pacing as part of an elec- 
trophysiologic guided assessment of the use of antiar- 
rhythmic treatment of paroxysmal AF. The remaining 
5 patients constituted group II (all women, mean age 
48, range 44 to 69). All had clinical and echocardio- 
graphic evidence of severe mitral stenosis, pulmonary 
hypertension and chronic AF. All were receiving a diu- 
retic and digoxin at the time of diagnostic cardiac cath- 
eterization and hemodynamic studies. All 15 patients 
had normal serum electrolytes at the time of the study, 
and the serum digoxin level was within the therapeutic 
range in all patients in group II. All had given informed 


i 


(Vv 





consent to the protocol, which was approved by the Eth- 
ics Committee of the University of Hong Kong. 

Group | patients: Electrophysiologic studies were 
performed in the postabsorptive, nonsedated state. Un- 
der fluoroscopic guidance, 6Fr quadripolar electrode 
catheters (USCI) with an interelectrode distance of 0.5 
cm were positioned at the right atrium near the superior 
vena cava and at the right ventricular apex. An 8Fr 
thermodilution Swan-Ganz catheter (American Ed- 
wards Laboratory) was positioned at the pulmonary ar- 
tery. An intraarterial cannula was used to record the 
femoral arterial pressures. Coronary sinus was cannu- 
lized with a 5Fr side-hole catheter (Cordis Inc.). A sur- 
face electrocardiogram (lead I or II), intracardiac elec- 
trograms, pulmonary arterial and wedge pressures were 
continuously monitored on an oscilloscope recorder 
(VR-12, Electronics for Medicine) and recorded at pa- 
per speeds of 50 to 100 mm/s. 

Pacing protocol: The distal pairs of electrodes were 
used to stimulate the atrium and ventricle using a 4279 
Modulator Pacing System (Digitimer Ltd.). The pulse 
width used was 2 ms at approximately twice the diastol- 
ic threshold. Baseline electrophysiologic studies were 
performed with the assessment of the ventricular effec- 
tive refractory periods.!? Induction of AF was per- 
formed with regular atrial pacing up to 800 beats/min. 
If AF was not inducible at this rate, pacing was repeat- 
ed at the maximum rate at 4 and 8 times the diastolic 
threshold. After the induced AF was stabilized for 5 
minutes, hemodynamic measurements were made. Car- 
diac output was determined using the mean of 6 sets of 
thermodilution data. Simultaneous arterial and coro- 
nary sinus blood samples were taken for the determina- 
tion of lactate extraction. Single right ventricular extra- 


AF 110 bpm 


stimulus was introduced in diastole for every conducted 
beat for 1 minute. A recording of the electrocardiogram 
and arterial waveform was performed. The coupling in- 
terval was shortened at 10 ms decrements and record- 
ings were similarly made. This was repeated until ven- 
tricular capture failed completely. The minimum cou- 
pling interval that achieved the maximum percent of 
successful intercalation was determined and a repeat 
hemodynamic assessment, cardiac output determination 
and myocardial lactate consumption were made during 
pacing at this interval. The latter was performed by si- 
multaneous coronary sinus and arterial lactate determi- 
nation using a Sigma 826-B lactate kit (Abbott Phar- 
maceutical). 

Group Il patients: We performed cardiac catheter- 
ization in these patients according to the established 
method.!^ We used an 8Fr Cordis pigtail catheter (Cor- 
dis Inc.) to record the left ventricular end-diastolic and 
aortic pressure. Pulmonary arterial and wedge pressures 
were measured using an 8Fr thermodilution Swan-Ganz 
catheter as previously described. End-diastolic gradient 
across the mitral valve was determined by the mean val- 
ues of simultaneous measurement of the pressure differ- 
ence between the left ventricular end-diastolic and pul- 
monary arterial wedge (or pulmonary diastolic) pres- 
sure over 1 minute. The hemodynamic assessments were 
repeated during intercalated pacing using a 6Fr quadri- 
polar catheter in the right ventricular apex as described 
for group I patients. All assessments were carried out 
before angiography, which was performed afterward to 
determine the left ventricular systolic function and se- 
verity of associated mitral regurgitation. 

Data and statistical analysis: After the introduction 
of an intercalated paced beat, the effective pulse rate 
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FIGURE 1. Selected recordings from a patient with lone atrial fibrillation (AF) (group 1). AF with a mean ventricular rate of 110 





beats/min is shown on the /eft. intercalated ventricular paced beats (IVP, arrow) were then introduced after every conducted 
beat in AF at a coupling interval of 320 ms. This resulted in fusion of the arterial pulses between the conducted and paced beat, 
with resultant pulse rate reduction to 60 beats/min. Note the regularization in the pulses, and increase of the pulse pressure. 
Ao = femoral arterial pressure; Il = lead Il of electrocardiogram. 
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was slowed (Figure 1). The percentage of successful in- 
tercalated pacing was defined as the percentage of the 
number of 1:1 pacing over the total number of conduct- 
ed beats in 1 minute. To compare the pulse-to-pulse 
variability of hemodynamic variables between AF and 
the paced rhythm, the standard deviation of the mean 
of each variable over a recording of 1 minute in each 


patient was determined and used for paired comparison 


between the 2 rhythms. Pulse-to-pulse variability of the 


cycle length between successive pulses was expressed as 


a percentage of the standard deviation over the mean of 


respective pulse-to-pulse cycle length. In case of cardiac 
output, the standard deviation of 6 sets of thermodilu- 
tion data in each rhythm was used as a measure of vari- 
ability. 

Where appropriate, we used the Student paired or 
unpaired ¢ tests to assess the hemodynamic differences 
between AF and the paced rhythm. We used 2-way 
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e Rate 
*« p «X 0.01 
+*+» p < 0.0001 
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40 





analysis of variance to determine the range of possible 
coupling intervals that could cause a similar rate control 
and percentage of successful intercalation. A p value 
<0.05 was considered statistically significant. Results 
are mean + standard deviation of the mean. 


RESULTS 

Patients with “lone” paroxysmal atrial fibrillation 
(group I): Successful intercalation was achieved in all 
patients although to varying extent (mean 86 + 14%, 
range 64 to 100). The best interval for intercalated pac- 
ing was achieved at 232 + 28 ms, which was slightly 
longer than the ventricular effective refractory period 
(217 + 21 ms). No ventricular arrhythmia was ob- 
served during the course of all studies. 

RANGE OF SUCCESSFUL COUPLING INTERVAL AND PULSE 
RATE CONTROL: Lengthening the coupling interval of the 
intercalated beat to the conducted beat up to 50 ms 


FIGURE 2. Pulse rate and the percent 
achieving successful intercalation as a 
function of the coupling interval. Increas- 
ing the coupling interval from the best in- 
terval for up to 50 ms did not significantly 
affect the pulse rate or the effectiveness of 
coupling, although shortening of the cou- 
pling interval by 10 to 20 ms significantly 
affected both parameters. P values were 
derived by paired comparisons with the 
corresponding values achieved at best 
coupling interval. IVP — intercalated 
ventricular paced beats. 
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AF (RR interval) 


Mean Mean 


692+ 110 310+ 65 


IVP (IVP-R interval) 


510 + 123 


Mean 
Differences 
Between RR 


Maximum and IVP-R 


742 + 186 


<0.0003 NS 


* The mean, maximum and minimum RR intervals of AF are tabulated. The corresponding intervals between the paced beat and the subsequent conducted beat (IVP-R) are 
shown. The difference between the means of these intervals in AF and IVP represents the contribution of concealed VA conduction to the prolongation of AV nodal refractory period. 
P values cited refer to paired comparison between corresponding intervals of AF and IVP. 

AV = atrioventricular; NS = not significant; VA = ventriculoatrial. 





from the best interval did not statistically affect the 
mean percentages of success or the pulse rate achieved 
(Figure 2). On the other hand, shortening of the cou- 
pling interval by more than 20 ms resulted in failure of 
successful intercalation and rate control, as the pacing 
occurred within the ventricular effective refractory peri- 
od. A reciprocal relation occurred between the percent- 
age of successful intercalation and the pulse rate (Fig- 
ure 2). Intercalated pacing effectively reduced the pulse 
rate from 137 + 26 to 75 + 14 beats/min (p <0.001). 

REGULARITY OF ATRIAL FIBRILLATION BEFORE AND AF- 
TER INTERCALATED PACING: The variability of the pulse- 
to-pulse interval was significantly lower (i.e., more reg- 
ular) during intercalated pacing compared with AF 
(from 29 + 7% during AF to 21 + 10% after pacing, p 
<0.05). 

HEMODYNAMIC CHANGES: Compared with AF, there 
was an increase in systolic arterial pressure (from 139 + 
19 to 152 + 22 mm Hg, p <0.05) and a decrease in 
diastolic pressure (from 88 + 11 to 79 + 12 mm Hg, p 
<0.0001) after pacing. This resulted in an increase in 
pulse pressure during pacing without a change in the 
mean blood pressure. Variabilities in pulse-to-pulse sys- 
tolic and diastolic pressures were also reduced (from 23 
+ 6 to 17 + 7 mm Hg, p <0.01 and from 10 + 2 to6 + 
2 mm Hg, p <0.001, respectively). Left ventricular fill- 
ing pressure was also significantly reduced (18 + 5 mm 
Hg during AF to 15 + 6 mm Hg after pacing, p <0.05) 
and we observed a trend toward a reduction in pulmo- 
nary arterial pressure (24 + 5 mm Hg in AF to 20 + 7 
mm Hg with pacing, p = 0.09). There was no apprecia- 
ble change in right atrial pressure (9 + 4 to 9 + 3 mm 
Hg, difference not significant). 

We observed a small reduction in cardiac output 
during intercalated pacing compared with AF as a re- 
sult of a reduction in rate (from 3.7 + 0.7 to 3.3 x: 0.8 
liters/min, p «0.001). However, in 5 patients with rate 
7150 beats/min during AF, the cardiac output was ei- 
ther unchanged (3 patients) or higher (2 patients) dur- 
ing pacing. In addition, the mean stroke volume was 
considerably higher during pacing (28 + 6 to 44 + 10 


ml, p «0.0001). Variability in cardiac output was also 
reduced during pacing (0.4 + 0.3 to 0.2 + 0.1 liters/ 
min, p <0.01). 

MYOCARDIAL LACTATE CONSUMPTION: All patients 
were in the lactate extraction state during AF (28 + 
10%). Myocardial extraction state was not affected dur- 
ing intercalated ventricular pacing (25 + 9%, difference 
not significant). 

INDUCED CONCEALED VENTRICULOATRIAL CONDUCTION: 
Over a duration of 1 minute each, we examined the 
electrocardiograms during AF and during the most suc- 
cessful intercalated rhythm. The mean, minimum and 
maximum RR intervals during AF were determined. 
For the recording during pacing, we measured the dura- 
tion between the paced and next conducted beat among 
the successfully intercalated beats, and the mean, mini- 
mum and maximal intervals were similarly derived (Ta- 
ble I). The difference between the means of these 2 in- 
tervals (mean 82 + 44 ms) was a measure of the extent 
of concealed ventriculoatrial conduction induced by the 
paced beat. The mean and the minimum intervals were 
significantly longer during the paced rhythm. 

Patients with mitral stenosis (group Il): Because of 
pulmonary hypertension, a satisfactory pulmonary arte- 
rial wedge recording could not be made in 1 patient, 
and the end-diastolic pulmonary arterial pressure was 
used as an estimate of the mitral valvular gradient. As 
all patients were receiving digitalis at the time of cardi- 
ac catheterization, the mean pulse rate during AF was 
only 102 + 17 beats/min. Pacing was successfully insti- 
tuted in all patients with 1:1 intercalation in all patients 
over a broad range of coupling intervals (Table II). In 
this group of patients, pacing resulted in similar hemo- 

dynamic findings compared with those of group I. How- 
ever, there was also a significant reduction in mean pul- 
monary arterial and wedge pressures and an increase in 
cardiac output during pacing. End-diastolic gradient 
across the mitral valve was also reduced, which was 
mainly due to a reduction of pulmonary arterial (or 
wedge) pressures. As a result of prolonged filling time, 
the left ventricular end-diastolic pressure was increased, 
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TABLE Il Individual and Mean Hemodynamic Results in Group Il Patients with Severe Mitral Stenosis During AF and Intercalated 


Pacing 
Patient 


Rate (beats /min) 
AF 
IVP 

SBP (mm Hg) 
AF 
IVP 

DBP (mm Hg) 
AF 
IVP 

MBP (mm Hg) 
AF 
IVP 


CO (liters /min) 
AF 


IVP 
PA (mm Hg) 
AF 
IVP 
PAW (mm Hg) 
AF 
IVP 
LVEDP (mm Hg) 
AF 
IVP 
EDG (mm Hg) 
AF 
6.0 
300-370 


* p «0.05 compared with AF. 


Mean + SD 


102 + 17* 
57 18 


93 x: 13 
106 + 24 


61 + 6* 
5445 


72+8 
70+8 


3.1 +0,2* 
3.440.2 


33.4 € 10.1* 
28.8 + 8.1 


22.5 + 5.0* 
18.3 4.9 


6.0 + 3.0 
9.2 € 2.4 


16.4 + 8.2* 
9.8 10.0 5 


270—540 — 


AF = atrial fibrillation; CO = cardiac output; DBP = diastolic blood pressure; EDG = end-diastolic mitral valvular gradient; INT = range of effective coupling intervals; LVEDP = left 
ventricular end-diastolic pressure; MBP = mean blood pressure; PA = mean pulmonary arterial pressure; PAW = pulmonary arterial wedge pressure; SBP = systolic blood pressure; 


SD = standard deviation. 


although the value was still within the normal limits (9 
+ 2 mm Hg). 


DISCUSSION 

This study demonstrates the feasibility of a new pac- 
ing method to control the effective rate during AF. Rate 
control appears to improve cardiac hemodynamics 
(which was more prominent in patients with mitral ste- 
nosis and restricted left ventricular filling). The range of 
effective coupling intervals extended beyond the ventric- 
ular effective refractory period, and appeared to be wid- 
er in patients with slower AF. The potential advantages 
compared to nodal slowing agents in rate control in- 
clude the rapidity of onset of action and absence of neg- 
ative inotropic effects that often accompany drug treat- 
ment. 

An alternative pacing method to regularize the rate 
in AF was proposed by Wittkampf et al.!5 These inves- 
tigators found that rapid overdrive ventricular pacing at 
cycle lengths shorter than the mean cycle length of AF 
(mean 100 ms) could suppress all spontaneously con- 
ducted beats and thereby regularize AF. However, 
these investigators have not investigated the hemody- 
namic consequences of these changes. Our finding sug- 
gests that intercalated pacing is a feasible alternative 
method, at least on a short-term basis, in achieving an 
immediate control in pulse rate and improving the regu- 
larity in AF. This may be useful in patients in whom 
rapid AF develops after cardiac operation and in whom 
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temporary epicardial electrodes are present. Effective 
pulse rate would be immediately slow while waiting for 
any concomitant antiarrhythmic agents to act. 
Mechanism of pulse rate control by intercalated 
ventricular paced beats: Because the paced beat did not 
result in an effective pulse, the major contribution to the 
reduction in pulse rate was determined by the coupling 
interval used in achieving intercalated pacing (mean 
coupling interval 232 ms). It was proposed that the 
mean cycle length of AF was a function of the con- 
cealed atrioventricular conduction consequent on rapid 
atrial stimulation of the atrioventricular node. On the 
other hand, if concealed retrograde penetration was in- 
duced by pacing, the mean postpacing R interval should 
be a reflection of both concealed anterograde and retro- 
grade conduction. A difference of 82 + 44 ms between 
the means of RR and postpacing R intervals was found, 
which is a representation of the extent of induced con- 
cealed ventriculoatrial conduction. This is in agreement 
with the reported result of Pritchett et al.!6 These inves- 
tigators have reported the “compensatory pause" after 
an induced ectopic beat to be 107 to 136 ms longer than 
the mean cycle length of AF in 5 patients (2 of whom 
had retrogradely conducting accessory pathways). 
Limitations: We studied only the supine resting he- 
modynamics. The effect of rate control by this method 
during the upright posture and exercise remains to be 
assessed. In our group of patients without clinical evi- 
dence of ischemic heart disease, myocardial lactate ex- 








traction status was similar during AF and intercalated 

pacing, at least for the duration of the study. The poten- 

tial effect of increasing myocardial oxygen consumption 
|... jn patients with coronary artery disease remains to be 
investigated. However, the reduction in pulse rate was 
about 40 to 50% in this study. Since 1 paced beat was 
coupled to each conducted beat, the increase in the 
number of ventricular depolarizations/min is expected 
to be small. As myocardial oxygen consumption is a 
function of heart rate, it follows that the increase in 
myocardial oxygen demand will likely be small. The po- 
tential of inducing ventricular arrhythmia was a possi- 
bility, although it was not present in this short-term 
study. The range of successful coupling intervals for in- 
tercalation also appeared to be wide and extended be- 
yond the ventricular effective refractory period. 
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SYSTEMIC HYPERTENSION 


Left Ventricular Systolic Response to Exercise 
in Patients With Systemic Hypertension Without 
Left Ventricular Hypertrophy 


Timothy F. Christian, MD, Alan R. Zinsmeister, PhD, Todd D. Miller, MD, lan P. Clements, MD, 
and Raymond J. Gibbons, MD 





Supine exercise radionuclide angiography was 
performed in 367 men to assess left ventricular 
(LV) systolic response to exercise; 58 had systemic 
hypertension without LV hypertrophy on a resting 
electrocardiogram and 309 were normotensive. All 
patients met the following criteria defining a low 
pretest likelihood of coronary artery disease: age 
«50 years; normal electrocardiographic response 
to exercise; absence of typical or atypical chest 
pain; and exercise heart rate >120 beats/min. Pa- 
tients taking 6-receptor blockers were excluded. 
There were no significant differences between hy- 
pertensive and normotensive groups in peak exer- 
cise heart rate, workload or exercise duration. 
However, hypertensive patients had significantly 
higher peak exercise systolic blood pressures and 
peak exercise rate-pressure products. There were 
no differences between patients with and without 
hypertension in resting ejection fraction, peak exer- 
cise ejection fraction (hypertensive patients 0.71 + 
0.01, normotensive patients 0.70 + 0.05) or 
change in ejection fraction at peak exercise (hyper- 
tensive patients 0.07 + 0.01, normotensive pa- 
tients 0.07 + 0.04). Diastolic and systolic ventricu- 
lar volumes tended to be smaller in the hyperten- 
sive patients, but the difference was not 
statistically significant. The change in systolic vol- 
ume with exercise was similar in the 2 groups (hy- 
pertensive —10 + 3 mi/m2, normotensive —10 + 1 
ml/m?). In the absence of electrocardiographic evi- 
dence of LV hypertrophy, systemic hypertension 
does not influence LV systolic response to exercise. 
(Am J Cardiol 1990;65:1204-1208) 
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cerning the effect of systemic hypertension on 

the left ventricular (LV) systolic response to ex- 
ercise in the absence of coronary artery disease.!-6 Con- 
sequently, the noninvasive evaluation of hypertensive 
patients for coronary artery disease using exercise radio- 
nuclide angiography has been questioned.^6 There have 
been similar conflicting reports regarding the utility of 
thallium-201 scintigraphy in the diagnosis of coronary 
artery disease in hypertensive patients."-* Many of these 
studies have used inhomogenous groups with varying 
degrees of hypertension, LV hypertrophy and likelihood 
of coronary artery disease. In a population referred for 
catheterization, 75% of patients with hypertension and 
normal coronary arteriograms had an abnormal LV SyS- 
tolic response during exercise radionuclide angiography 
while only 29% of patients without hypertension had an 
abnormal response.Ó In contrast, a second study report- 
ed abnormal LV responses in «1096 of hypertensive pa- 
tients who were at low risk for coronary artery disease 
on clinical grounds but did not attempt any comparison 
to patients without hypertension. Our study examines 
the association between hypertension and LV systolic 
response during supine exercise radionuclide angiogra- 
phy in a well-defined, large (367 patients) male popula- 
tion with a low likelihood of coronary artery disease by 
comparing the response in hypertensive patients to the 
response in those without hypertension. 


T have been multiple conflicting reports con- 


METHODS 

Study group: The study group consisted of a consec- 
utive series of men who underwent radionuclide angiog- 
raphy in our laboratory over a 4-year period and ful- 
filled the following criteria indicating a low probability 
of coronary disease: age <50 years; no chest pain or 
nonanginal chest pain (by history before exercise test- 
ing); nonischemic exercise electrocardiographic re- 
sponse; a peak exercise heart rate 7120 beats/min; and 
a rest ejection fraction 20.50. The major clinical indica- 
tion for these studies was patient reassurance, in indi- 
viduals who were asymptomatic. The following were 
grounds for exclusion: a cardiac pacemaker; congenital 
or valvular heart disease; previous cardiac surgery; con- 
gestive heart failure; previous myocardial infarction; hy- 
pertrophic cardiomyopathy in the absence of known hy- 
pertension or valvular disease; mitral valve prolapse; or 
presence of left bundle branch block. In addition, pa- 
tients with LV hypertrophy on the resting electrocardio- 





= 
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gram using the vector criteria of Romhilt et al? were 
excluded. Patients receiving a 6-receptor blocker within 
48 hours of exercise testing were also excluded. 

The study group was composed of 367 patients who 
met these criteria. These patients were then divided into 
2 groups on the basis of the presence or absence of hy- 
pertension. Hypertension was defined as a chronic ele- 
vation in systolic pressure 2140 mm Hg or diastolic 
pressure 290 mm Hg, or, a history of antihypertensive 
therapy for >1 year. Using these criteria, 58 patients 
were defined as hypertensive and 309 as normotensive. 
Forty-five percent of hypertensive patients were receiv- 
ing antihypertensive medication at the time of exercise 
testing. The majority of treated patients (58%) were re- 
ceiving diuretics alone; 23% of patients on medication 
were receiving a vasodilator alone and 19% were receiv- 
ing combination therapy. 

Exercise protocols and radionuclide angiography: 
Rest and exercise radionuclide angiograms were ob- 
tained in the supine position. The 12 standard electro- 
cardiogram leads were continuously monitored and re- 
corded every minute. Blood pressure was monitored 
indirectly in the right arm with the use of a sphygmo- 
manometer. The patient’s erythrocytes were labeled 
with the use of 30 mCi of technetium-99m and the 
modified in vivo method of Callahan et al.!? 

After rest imaging, supine exercise was performed 
on a bicycle ergometer table. The exercise protocol be- 
gan at a workload of 300 kpm/min (49 watt-seconds). 
The workload was increased every 3 minutes in incre- 
ments of 300 kpm/min. The usual exercise endpoints 
used in our laboratory include the following: severe fa- 
tigue; moderate or severe chest pain; severe arrhythmia; 
and marked electrocardiographic changes (horizontal or 
downsloping ST-segment depression 20.2 mV). No pa- 
tient in our study had exercise discontinued because of 
severe arrhythmia or electrocardiographic abnormali- 
ties. Two patients stopped exercise due to chest pain and 
the remaining patients stopped due to severe fatigue. 

Repeat blood pool imaging was obtained during the 
last 2 minutes of each exercise stage in the left anterior 
oblique views that best separated the ventricles. Acqui- 
sitions were gated to the patient's electrocardiogram 
and collected at 16 frames/cardiac cycle with the use of 
standard gamma cameras. A blood sample was ob- 
tained immediately after exercise for cardiac volume 
determinations. Heart rate and systolic and diastolic 
blood pressures were obtained at rest, in each increment 
of exercise workload and at peak exercise. 

Data processing: Radionuclide data were processed 
with the use of a commercially available dedicated com- 
puter system and software (Medical Data Systems) and 
previously reported techniques.'!!* Ejection fraction 
was calculated from the background-corrected LV 
counts versus time curve by use of a commercially avail- 
able operator interactive program. The change in ejec- 
tion fraction was computed as peak exercise ejection 
fraction minus rest ejection fraction. End-diastolic and 
end-systolic volumes were determined with a count- 
based method!? and a previously reported regression 
equation.!^ The end-diastolic volume index was deter- 


TABLE I Patient Characteristics in Normotensive and 
Hypertensive Patients 


Characteristic Normotensive Hypertensive 


No. of pts 309 58 
Age (yrs) 41 (17-49) 45 (22-49) 
Cigarette smokers 61% 63% 
Diabetes mellitus 1% 5% 
Chest pain 
None 42% 34% 
Nonanginal 57% 64% 





mined by dividing end-diastolic volume by body surface 
area. The correlation coefficients for end-diastolic and 
end-systolic volumes determined by this method com- 
pared with contrast ventriculography have been previ- 
ously reported as 0.85 and 0.94, respectively.'* Previous 
studies? have shown that a single rest blood sample 
may be used for volume measurements because, with 
this labeling method, plasma activity is unchanged with 
exercise. Oxygen consumption (VO»;) at peak exercise 
and metabolic equivalents (METs) were estimated as 
previously described.!ó 

Data analysis/statistical methods: Multiple clinical, 
exercise and radionuclide angiographic variables were 
summarized for each group. A logistic regression analy- 
sis was used to assess the univariate association of these 
variables with the patient group. The cumulative distri- 
bution functions for change in ejection fraction and ex- 
ercise ejection fraction were plotted for each group; 
such plots display the entire spectrum of data without 
requiring the identification of any "normal" criteria. 


RESULTS 

Three hundred sixty-seven patients fulfilled the 
study criteria; 58 were determined as hypertensive and 
309 as normotensive. The groups were similar in age, 
smoking history and the presence or absence of diabetes 
(Table I). 

Exercise hemodynamics: Resting heart rate, peak 
exercise heart rate, exercise intensity and peak workload 
were not significantly different between the hyperten- 
sive and normotensive patients (Table IT). Rest and ex- 
ercise systolic blood pressure and rest and exercise heart 
rate-blood pressure product were all significantly higher 
in the hypertensive patients, as was the change in systol- 
ic pressure with exercise. 

Radionuclide angiographic test variables: There 
was no significant difference between the 2 groups in 
any radionuclide angiographic parameter (Table III, 
Figures 1 and 2). The mean resting ejection fraction 
was nearly identical in the 2 groups. Hypertensive pa- 
tients increased LV ejection fraction by a mean of 0.07 
to a mean peak exercise ejection fraction of 0.71; nor- 
motensive patients also increased LV ejection fraction 
by a mean of 0.07 to a mean of 0.70. Hypertensive and 
normotensive patients had a similar spectrum of LV 
ejection fraction response to exercise (Figure 1). The 
percentage of patients who failed to increase ejection 
fraction with exercise was identical (1696 of hyperten- 
sive patients, 16% of normotensive patients). Hyperten- 
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Rest heart rate (beats/min) 
Rest systolic BP (mm Hg) 
Rest diastolic BP 

Rest HR X systolic BP (beats/min X mm Hg) 

Peak exercise heart rate (beats /min) 

Peak exercise systolic BP (mm Hg) 

Peak exercise HR X systolic BP (beats / min X mm Hg) 
Change in systolic BP (mm Hg) 

Exercise METs 

Peak bicycle workload (median, kpm /min) 






sive and normotensive patients also had a similar spec- 
trum of peak exercise ejection fractions (Figure 2). The 
percentage of patients attaining a peak exercise ejection 
fraction 20.60 was also similar between the 2 groups 
(hypertensive patients 90%, normotensive patients 87%). 

Ventricular volumes tended to be smaller in the hy- 
pertensive patients in both systole (36 + 3 ml/m?) and 
diastole (118 + 7 ml/m?) compared to normotensive 
patients (42 + 2 and 135 + 3 ml/m?), respectively. 
These differences were not statistically significant (Ta- 


Cumulative frequency 


TABLE Il Exercise Hemodynamics for Normotensive and Hypertensive Patients 


Hypertensive 
(mean + SEM) 


13942 1261 <0.0001 
89 +1 8041 <0.001 
9,968 + 324 8,901 + 121 0.0001 
150 + 2 15441 NS 
21543 197 + 1 «0.0001 
32,416 + 720 30,390 + 300 «0.05 
76 3 71+1 <0.05 
7.2+0.2 8.6+0.4 NS 
900 900 NS 


BP = blood pressure; HR = heart rate; METs = metabolic equivalents of exercise; NS = not significant; SEM = standard error of the mean. 






Normotensive 
(mean + SEM) 














7122 7041 
















ble III). The change in ventricular volumes with exer- 
cise was similar in both groups. 


DISCUSSION 

Our study was designed to evaluate LV response to 
exercise using radionuclide angiography in patients with 
and without chronic hypertension. The study group was 
entirely composed of patients who, on the basis of 
Baye’s theorem, would be predicted to have a low prob- 
ability of coronary disease to eliminate the influence of 


FIGURE 1. Cumulative distribution of 
change in ejection fraction with exercise 
for normotensive and hypertensive 
patients. 
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FIGURE 2. Cumulative distribution of 
peak exercise ejection fraction for normo- 
tensive and hypertensive patients. 
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coronary artery disease. In addition, all patients were 
men in order to avoid gender differences in radionuclide 
exercise response.!9.!7 There were no significant differ- 
ences in any exercise radionuclide angiographic param- 
eter between hypertensive patients and normotensive 
patients in this study population. Ejection fraction in- 
creased by 0.07 in the hypertensive patients and 0.07 in 
the normotensive patients. There was also a marked 
similarity in the percentage of patients with an increase 
in ejection fraction with exercise (hypertensive patients 
84%, normotensive patients 84%) as well as the percent- 
age of patients with a peak exercise ejection fraction 
> .60 (hypertensive patients 90%, normotensive patients 
87%). Ventricular volumes tended to be smaller in the 
hypertensive group. However, this was not a statistically 
significant difference. The magnitude of change in ven- 
tricular volume with exercise was similar in the 2 
groups. 

Our results agree with those reported by Francis et 
al.2 In 28 hypertensive patients at low risk for coronary 
artery disease, Francis et al found a normalcy rate of 
93% using upright exercise radionuclide angiography. 
However, women and many patients who were receiving 
B-receptor blockers at the time of testing were included. 
Their study did not include any comparison group of 
normotensive patients. 

The results of this study differ from those of Was- 
serman et al,° who studied 146 patients referred for cor- 
onary angiography and found that exercise radionuclide 
angiography had a low specificity (25%) and predictive 
accuracy (46%) for coronary disease in hypertensive pa- 
tients. However, their results probably reflect the effects 
of posttest referral bias, first described by Rozanski et 
al.'8 It is now well recognized that the population of 
patients who have been referred for coronary angiogra- 
phy and subsequently have normal coronary arterio- 
grams are quite an abnormal population and are not a 
valid comparison group when evaluating noninvasive 
tests.!929 In addition, the results of Wasserman et al 
may have been influenced by the inclusion of women 


. and patients taking 6-receptor blockers, although they 


tried to adjust for these variables. 

Our results also differ from those of Miller et al 
who reported a blunted systolic response in low-likeli- 
hood hypertensive patients during upright exercise ra- 
dionuclide angiography compared to normotensive pa- 
tients. However, their normotensive group was small 
(20 patients) and not matched for age or gender. Al- 
though the effects of age on ejection fraction response 
are controversial??? the influence of patient gender is 
now well established.!6.!" 

It has been suggested that hypertensive patients with 
normal LV function at rest are maximally compensated 
with no contractile reserve? and that this is due to a 
poorly compliant systemic vascular bed.^ Our results do 
not appear to support this hypothesis. Other studies 
have suggested that patients with hypertension may 
have intrinsic myocardial dysfunction, but these studies 
have shown abnormalities confined to patients with LV 
hypertrophy.52??6 Clearly, patients with LV hypertro- 
phy by electrocardiography have shown diminished pa- 


TABLE Ill Radionuclide Angiographic Variables in 
Normotensive and Hypertensive Patients 


Hypertensive Normotensive p Value 


Rest ejection fraction 0.64 + 0.01 
Exercise ejection fraction 0.71 X 0.01 
(Exercise—rest) ejection 0.07 + 0.01 
fraction 
% with (exercise—rest) 84 84 
ejection fraction ZO 
% with exercise ejection 90 87 
fraction 20.60 
Exercise end-diastolic 
volume index 
Exercise end-systolic 
volume index 
(Exercise—rest) 
end-diastolic volume 
index 
(Exercise—rest) 
end-systolic volume 
index 


0.63 + 0.04 
0.70 + 0.05 
0.07 + 0.04 


118-7ml/m?^ 135x3ml/m? 


36-:3ml/m?^  42t2ml/m*? 


—543ml/m2 -—4z2ml/m? 


—10x3ml/m? -10x1ml/m? 





rameters of systolic function, including radionuclide 
ejection fraction.?26 However, our results do not suggest 
intrinsic myocardial dysfunction in hypertensive pa- 
tients without LV hypertrophy. Our results also do not 
support the suggestion that a hyperdynamic physiologic 
state exists in young patients who have hypertension be- 
fore the development of LV hypertrophy.???* 

This study of 367 low-likelihood patients is the larg- 
est report of the influence of hypertension on the results 
of radionuclide angiography. However, because we have 
excluded patients with chest pain and electrocardio- 
graphic changes during exercise, patients receiving Ó- 
receptor blockers, patients with LV hypertrophy and 
patients with an intermediate or high pretest likelihood 
for coronary disease, we have selected a group of pa- 
tients with relatively mild hypertension. Our results do 
not apply to patients with more severe hypertension or 
patients at higher risk for coronary disease. The selec- 
tion of patients at low likelihood for coronary artery dis- 
ease was designed to avoid the effects of posttest refer- 
ral bias.!9-20 

The exclusion of patients with electrocardiographic 
LV hypertrophy from our study is particularly notewor- 
thy. Certainly, LV hypertrophy due to systemic hyper- 
tension may lead to chronic cardiac dysfunction?23-2629 
and increased morbidity and mortality.?9-?! Attempts to 
quantitate LV mass and relate it to systolic perfor- 
mance have been undertaken.??^ It is conceivable that 
LV systolic performance begins to decline at some criti- 
cal value of LV mass, but this has not yet been identi- 
fied. Loading conditions, medications, age and exercise 
position may be confounding variables in this process. 
Although echocardiography is more sensitive in detect- 
ing hypertrophy, echocardiograms were only available 
in a minority of patients. 

These results reaffirm the utility of radionuclide an- 
giography in evaluating LV response to exercise in pa- 
tients with hypertension without LV hypertrophy. There 
were no significant differences in ejection fraction and 
ventricular volume response during exercise between 
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low-likelihood patients with and without chronic hyper- 
tension. The influence of LV hypertrophy on systolic re- 
sponse to exercise remains to be investigated. 
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Acute Reduction of Atrial Overload During 
Vasodilator and Diuretic Therapy in Advanced 
Congestive Heart Failure 


Michele A. Hamilton, MD, Lynne W. Stevenson, MD, John S. Child, MD, Jaime D. Moriguchi, MD, 
and Mary Woo, MN 


Although acute afterload reduction is known to im- 


prove cardiac output in patients with congestive 
heart failure (CHF), the effect of therapy on the 
atrial overload directly causing congestive symp- 
toms has not been systematically studied. Atrial 
volumes and mitral and tricuspid regurgitation, in 
addition to left ventricular ejection fraction and in- 
dexes of left ventricular contractility (mean accel- 
eration, ejection time and peak systolic pressure/ 
end-systolic volume index), were measured using 2- 
dimensional and Doppler echocardiography and col- 
or flow imaging in 30 patients with advanced CHF, 
before and after acute vasodilator and diuretic 
therapy tailored to hemodynamic goals. Therapy 
increased stroke volume by 64% (36 + 10 to 55 + 
14 cc), decreased right atrial pressure by 45% (15 
+5 to 8 + 4 mm Hg), systemic vascular resistance 
by 36% (1,700 + 400 to 1,030 + 300 dynes s 
cm 5) and pulmonary capillary wedge pressure by 
37% (31 + 6 to 19 + 6 mm Hg) (all p «0.001). 
Echocardiography showed simultaneous reductions 
in left and right atrial volumes: 24 + 19 and 18 + 
1296, respectively (p «0.001). Mitral and tricuspid 
regurgitation measured by color flow fraction both 
decreased by a mean of 44% (p <0.001). While 
ejection fraction increased from 15 + 5 to 19 + 7% 


* ^ (p <0.001), there were no changes in relatively 


 load-independent indexes of contractility. There- 


fore, acute therapy with vasodilators and diuretics 
in advanced CHF causes reductions in atrial vol- 
umes and atrioventricular valve regurgitation that 
are evident from serial noninvasive studies and may 
play a major role in the improvement of congestive 
symptoms. 

(Am J Cardiol 1990;65:1209- 1212) 
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provement in ventricular output caused by after- 

load reduction with vasodilator therapy in pa- 
tients with low ejection fraction congestive heart failure 
(CHF).! However, the low cardiac output does not itself 
cause the congestive symptoms of CHF, which instead 
directly reflect elevated filling pressures and atrioven- 
tricular valve regurgitation, on both the right and left 
sides. Therapy with vasodilators and diuretics, which 
has little effect on ventricular contractility, frequently 
causes rapid reduction in these congestive symptoms, 
and sustained clinical improvement has been noted with 
both captopril? and hydralazine.4 We hypothesized, 
therefore, that the acute effects of such afterload reduc- 
tion therapy monitored noninvasively would be more ev- 
ident in the reduction of atrial overload due to high atri- 
al volumes and atrioventricular valve regurgitation than 
in parameters of ventricular performance. Although a 
previous study found M-mode echocardiography to be 
an insensitive means of assessing acute hemodynamic 
changes in patients with advanced CHF it has recently 
been demonstrated that echocardiography can detect 
changes in atrial size caused by lower body negative 
pressure in CHF patients. This suggests that echocar- 
diography may be a valuable tool for assessing acute 
changes from therapeutic interventions. In 30 patients 
with advanced CHF, we performed an intensive 2-di- 
mensional, Doppler and color flow echocardiographic 
investigation to determine changes in left and right atri- 
al volumes, mitral (MR) and tricuspid regurgitation 
(TR), ejection fraction and indexes of ventricular con- 
tractility after acute vasodilator and diuretic therapy 
tailored to hemodynamic goals. 


(roe emphasis has been placed on the im- 


METHODS 

We studied 30 consecutive patients admitted to the 
University of California, Los Angeles, coronary care 
unit for evaluation and treatment of advanced heart 
failure (mean left ventricular ejection fraction 15 + 5%, 
New York Heart Association class 3.7 + 0.4). There 
were 25 men and 5 women, ages 18 to 86 years (mean 
51). CHF resulted from coronary artery disease in 17 
patients, postpartum cardiomyopathy in 1 patient and 
idiopathic dilated cardiomyopathy in 12. All patients 
were in sinus rhythm and none had primary valvular 
disease. 

Within 2 hours of insertion of a pulmonary artery 
flotation catheter, each patient underwent baseline M- 
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E. of maximal MR jet is divided by planimetered area of 

o TABLE I Effect of Acute Therapy on Hemodynamics : Y 

B re d left atrium (average of 2- and 4-chamber view values)? 


Baseline Therapy % Change 


and the velocity-volume index in which the color flow 
fraction is multiplied by the left atrial volume, to com- 
pensate for potential changes in atrial volume with ther- 
apy. TR was assessed in the same 3 ways (TR color 
flow Doppler information was obtained in 21 of the 30 
patients), using the color flow pattern in the right atri- 
um on the apical 4-chamber view.’ All tracings were 
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64+ 51* 
790 +15" 
—37 207 
—45 + 35* 
—36 + 24* 
wake Ye BS ta eg 


55+ 14 
31+6 
19+6 
8+4 

1,030 + 300 

190 + 100 


36 + 10 
43+/7 
31+6 
15+5 
1,700 + 400 
310+ 120 


SV (cc) 
Mean PA (mm Hg) 
PAW (mm Hg) 


RA (mm Hg) 
SVR (dynes s cm?) 
PVR (dynes s cm^5) 


* p <0.001. 
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All data are mean + standard deviation 

PA = pulmonary artery pressure; PAW = pulmonary artery wedge pressure; PVR = 
pulmonary vascular resistance; RA = right atrial pressure; SV = stroke volume; SVR = 
systemic vascular resistance. 





TABLE Il Effect of Acute Therapy on Atrial Overload 


performed by 1 investigator, blinded to the clinical sta- 
tus of the patients, and each value represents the aver- 
age of 2 tracings. Since inter- and intraobserver repro- 
ducibility has also been shown to be excellent in quanti- 
tation of MR (r = 0.93 and r = 0.97, respectively),!° a 
10% change was considered significant for the valvular 


E^ Pts | regurgitation data. 

with 21096 ó : Tua $ 
h Reduction For calculation of left ventricular ejection fraction, 

Baseline Therapy % Change (96) images of the left ventricle were obtained in the 2- and 
Vm 4-chamber views. They were digitized, the areas plani- __ 

E bis Seca 420489. L4iiO 2914 40* metered and ejection fraction quantitated with Micro- — 
b CF fraction 0.364016 0.224016 —44 + 35* sonics version 3.5 software, using Simpson's rule. Peak 
E | 40 + 25 20:18 -54+29* systolic pressure (estimated by simultaneous brachial ` 
RE. artery cuff systolic pressure) divided by end-systolic vol- 
M Oto3scae 2040.7 14409 -32437* , d y p a ) lati a | d d 
p CF fraction 0.36+0.16 0.190113 —44 4 37* ume Ingex Was TüCasureg as a Te TRU Ma in 
m bier 35 4 22 15414  —60426* dent determinant of contractility.!! Doppler tracings 
ED LA volume (cc) 108435 80229 -24+ 19* from the left ventricular outflow tract were obtained in 
$ RAvolume (cc) 96 + 38 72:32 —18+12* 27 patients from either the apical 5-chamber or long- 
"n * p «0.001. i axis views (average of 3 maximal velocity tracings were 
"IB All data are mean + standard deviation. . > e . 
TE CF = color flow; LA = left atrium; MR = mitral regurgitation; RA = right atrium; TR = used) for measurement of left ventricular ejection time 
^ tricuspid regurgitation. . 
p and mean acceleration. 
Two hours after pulmonary artery catheter place- 
TABLE III Effect of Acute Therapy on Parameters of Left ment, baseline hemodynamic measurements were made 
j Ventricular Contractility in the postabsorptive state, including triplicate cardiac 
H output measurements, using the thermodilution tech- 
; Baseline Therapy x ^ ; : : 
E nique. All patients then received intravenous nitroprus- 
E: $ Mean acceleration (m/s*) 7912 side and diuretic therapy, tailored to approach systemic 

Ejection time (ms) 220 + 37 vascular resistance € 1,200 dynes s cm~>, pulmon - 
S PSP/ESVI (mm Hg/cc/m?) 1.381 0.5 a y »P Py de 


End 
` 


tery wedge pressure <15 mm Hg and right atrial pres- 

sure <8 mm Hg. When optimal hemodynamics were _ 
achieved, oral captopril or oral hydralazine and nitrates =- 
were added as the nitroprusside was tapered. Catheter <. 


All differences were not significant. 
All data are mean + standard deviation. 
PSP /ESVI = peak systolic pressure /end-systolic volume index. 
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mode and 2-dimensional echocardiography with pulsed 
and continuous wave Doppler and color flow imaging, 
using a Hewlett Packard model 77020A. Left atrial vol- 
ume was calculated using Simpson's rule from on-line 
planimetered areas in the apical 2- and 4-chamber 
views (using an average of 2 values in each view). Right 
atrial volume was calculated in a similar manner using 
only the 4-chamber view. Because of the high inter- and 
intraobserver correlation that has been described for 
these atrial volume measurements (r = 0.89 and r = 
0.95), respectively, with an intraobserver standard devi- 


hemodynamics and Doppler echocardiography and col- 
or flow imaging parameters were repeated before re- 
moval of the pulmonary artery catheter (after a mean 
of 3 days of total therapy). An estimate of systolic gra- 
dient from left ventricle to left atrium across the mitral 
valve was made by subtraction of the pulmonary capil- 
lary wedge pressure from the systemic systolic blood 
pressure and an estimate for the tricuspid valve made 
by subtraction of the right atrial pressure from the pul- 
monary systolic pressure. 

Changes in hemodynamic and echocardiographic 


E ation of 7%),’ individual changes >10% were considered ^ variables with therapy were assessed using paired Stu- 

" significant. Left atrial diameter was also obtained from — dent's ¢ tests, and correlations between catheter hemo- 

E the M-mode tracing in the parasternal long-axis view. dynamic and echocardiographic measurements were 

A MR was assessed in 3 ways: the standard method of made using linear regression analysis. 

E visual estimate of the percentage of the left atrium cov- 

E ered by color flow evidence of the maximal jet of MRin RESULTS = 
A the apical 2- and 4-chamber views, graded on a 0 to 3 After 3 + 1 days of high dose vasodilator and diuret- 

A 4 scale (0 = none, 1 = mild, 2 = moderate, 3 = severe), ic therapy, right atrial, pulmonary artery and pulmo- 

3 the color flow fraction in which the planimetered area nary capillary wedge pressures, as well as systemic vas- 
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cular resistance, decreased significantly, and forward 
stroke volume measured by thermodilution increased by 
64 + 51% (Table I) (all p <0.001). Mean diuresis dur- 
ing this period was 3.4 + 2.2 liters. 

Average right and left atrial volumes were both ini- 
tially greater than twice normal (normal 39 + 12 and 
38 + 10 cc, respectively’) and decreased significantly 
after therapy (p <0.001) (Table IT). Left and right atri- 
al volumes showed at least a 1096 decrease in 83 and 
85% of patients, respectively. M-mode-determined left 
atrial diameter decreased from 5.3 + 0.8 to 4.7 + 0.7 
cm (p «0.001). Right atrial volume changes correlated 
well with changes in right atrial pressure (r = 0.77, p 
<0.001), but there was no significant correlation be- 
tween changes in left atrial volume and pulmonary ar- 
tery wedge pressure (r «0.1, difference not significant). 

MR was initially present in 29 of 30 patients and 
was moderate or severe in 19. TR, also present in 29 
patients, was moderate to severe in 23. There was excel- 
lent correlation between the severity of valvular regurgi- 
tation by standard visual estimation and both the quan- 
tified color flow fraction ( r = 0.89 for MR, r = 0.92 
for TR) and velocity-volume index (r = 0.76 for both). 
Each measurement technique demonstrated a marked 
reduction in mean values for both MR and TR with 
therapy (all p «0.001) (Table II). A decrease of >10% 
occurred in MR, as measured by velocity-volume index, 
in 96% of patients, and in TR in 100% of patients. 

Mean left ventricular ejection fraction increased 
from 15 + 5 to 19 + 7% after therapy (p <0.001), but 
there were no significant changes in the relatively load- 
independent parameters of contractility (Table IIT)— 
mean acceleration (normal? 9.5 + 0.5 m/s?), ejection 
time (normal? 294 + 30 ms) or the ratio of peak systol- 
ic pressure to end-systolic volume index (normal!^ 6 + 3 
mm Hg/ml/m^). 

The estimated systolic gradient across the tricuspid 
valve decreased from 46 + 14 to 39 + 11 mm Hg (p 
<0.01) after therapy, but there was no change in the 
mitral valve gradient (75 + 13 before and 74 + 11 mm 
Hg after therapy). 


DISCUSSION 

This study demonstrates that atrial volumes and 
atrioventricular valve regurgitation decrease acutely 
with intensive vasodilator and diuretic therapy in pa- 
tients with advanced CHF. These physiologic changes 
reflect the reduction in "atrial overload" and the con- 
gestion of heart failure, which on the left side can cause 
orthopnea and dyspnea on exertion and on the right side 
hepatic congestion, ascites and peripheral edema. 

Much of the improvement in forward stroke volume 
from acute afterload reduction therapy in the patients 
studied could be attributed to decreased regurgitant 
flow. This is consistent with previous studies that have 
required invasive measurements.!?!9 Atrial geometry is 
one of the determinants of the regurgitant orifice of the 
atrioventricular valves, and has been implicated in the 
functional regurgitation of patients without structural 
valvular disease.!" Therefore, in addition to the reduc- 
tion in left ventricular volume that has been seen with 


afterload reduction therapy,!?!6 the acute reduction in 
atrial volume from therapy may have contributed to the 
decrease in regurgitation, especially since there was no 
change in the estimated systolic gradient between the 
left ventricle and atrium. There was, however, a reduc- 
tion with therapy in the systolic gradient from right ven- 
tricle to right atrium; it is therefore possible that differ- 
ent mechanisms are involved in the reduction of left- 
and right-sided regurgitation. We did not report mitral 
regurgitant fractions calculated from echocardiography 
because aortic regurgitation was common and the ven- 
tricular volumes were large in these patients, providing 
the potential for large errors in regurgitant volume esti- 
mates. 

Acute therapy led to a small increase in left ventric- 
ular ejection fraction, which is known to vary with load- 
ing conditions,'* but no improvement in the parameters 
of contractility that are relatively independent of load- 
ing conditions: left ventricular ejection time and accel- 
eration!’ and peak systolic pressure/end-systolic volume 
index.!! This supports previous invasive studies showing 
that vasodilator therapy improves loading conditions 
and output, without changing intrinsic contractile func- 
tion.? 

It is difficult to determine hemodynamic status ac- 
curately by physical examination in patients with ad- 
vanced CHF.” Invasive monitoring, of course, is not 
practical for repeated outpatient assessment. This study 
shows the ability of echocardiography to identify easily 
parameters such as changes in atrial size and valvular 
regurgitation that are associated with beneficial hemo- 
dynamic changes in this population. We suggest that 
echocardiography is a valuable noninvasive tool in serial 
outpatient follow-up assessment of hemodynamic status 
and in monitoring whether the acute effects of thera- 
peutic interventions are maintained over the long term. 
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Cardiovascular Innovation 


Excellent V- Tach Efficacy 


Proven in a well-defined dose-response study: 
e 226 outpatients with structural heart disease and PVCs; 55% had 
non-sustained VT episodes. 


* 68% of patients on 450 mg/day and 91% of patients on 900 mg/day 
exhibited 100% suppression of non-sustained VT episodes. 


Proven in studies on patients with sustained V- Tach: 
* 10%*—36%? of patients achieved complete suppression of inducible VT 
during electrophysiologic testing. 


* In three separate studies, 39% (n = 14/36)*, 67% (n = 32/48)* and 
91% (n = 10/11)° of patients with VT/VF achieved long-term therapy 
success with RY THMOL. 


A Unique Pharmacologic Profile 


Vaughan Williams Class 1C with beta blocking activity equal to 1/40 that 
of propranolol* 


*Patients with bronchospastic disease should, in general, not receive 
propafenone. 


Please refer to accompanying brief summary of prescribing information. 
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With a World of Experience 


A Safety Profile Based on 
2,127 Patients Studied up to 5 Years’ 





Most Common Adverse Events 
Percent of Incidence Percent Who Discontinued 
Dizziness 
Nausea/Vomiting 
Unusual Taste 
Constipation 


Fatigue 


Most Serious Adverse Events 
Proarrhythmia 4.7 
Congestive Heart Failure 3.7 
Third Degree AV Block 0.2 





Important Information 
4 to Help you Prescribe Rythmol. 


Patient selection 


Indicated for the treatment of documented ventricular arrhythmias, 
such as sustained ventricular tachycardia, that in the judgment of the 
physician, are life-threatening. There is no evidence from controlled trials 
that the use of any antiarrhythmic agent favorably affects survival or the 
incidence of sudden death. Therefore the use of Rythmol should be 
reserved for patients whom in the opinion of the physician the benefits 
of treatment outweigh the risks. 


Rythmol and the CAST results 


Although Rythmol was not included in CAST, the applicability of the 
Cardiac Arrhythmia Suppression Trial results to other populations (e.g., 
those without recent myocardial infarction), to Rythmol, or to other 
antiarrhythmic drugs is uncertain, but at present it is prudent to consider 
any 1C agent, such as Rythmol to have a similar risk. 
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Effective Antiarrhythmic Therapy 
with a World of Experience 


e Rythmol has been studied in the U.S. for 8 years. 


e Propafenone is the largest selling ventricular 
antiarrhythmic in Europe. 


¢ 900,000 patient years of worldwide experience. 


Excellent V-Tach efficacy: Rythmol provided effective sup- 
pression of ventricular tachycardia in patients with either sustained 
or non-sustained VT. 


Safety Profile: 3.6% discontinuance due to cardiac and 1.9% or 
less discontinuance due to non-cardiac side effects in each of the 
other body systems at 450 mg/day (n= 1430). 


Proarrhythmia: 4.796 in U.S. clinical trials. X% 


Beta Blocker Activity: equal to 1/40th of propranolol. Patients with 
bronchospastic disease should, in general, not receive propafenone. 


Available in 150 mg and 300 mg scored tablets. 
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Begin therapy with Rythmol 150 mg 
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INDICATIONS AND USAGE 

RYTHMOL (propafenone HCI) is indicated for the treatment of documented ventricular 
arrhythmias, such as sustained ventricular tachycardia, that in the judgement of the 
physician, are life threatening. Because of the proarrhythmic effects of RYTHMOL, its use 
should be reserved for patients in whom, in the opinion of the physician, the benefits of 
treatment outweigh the risks. The use of RYTHMOL is not recommended for use in patients 
with less severe ventricular arrhythmias, even if the patients are symptomatic. Use of 
RYTHMOL for the treatment of sustained ventricular tachycardia, like other antiarrhythmics, 
should be initiated in the hospital. 

CONTRAINDICATIONS 

RYTHMOL (propafenone HCI) is contraindicated in the presence of uncontrolled congestive 
heart failure, cardiogenic shock, sinoatrial, atrioventricular and intraventricular disorders of 
impulse generation and/or conduction (e.g., sick sinus node syndrome, atrioventricular 
block) in the absence of an artificial pacemaker, bradycardia, marked hypotension, bron- 
chospastic disorders, manifest electrolyte imbalance, and known hypersensitivity to the drug. 
WARNINGS: 

Mortality: In the National Heart Lung and Blood Institute's Cardiac Arrhythmia Suppression 
Trial (CAST), a longterm, multicenter, randomized, double blind study in patients with 
asymptomatic non life threatening ventricular ectopy who had a myocardial infarction more 
than six days but less than two years previously and demonstrated mild to moderate left 
ventricular dysfunction, an excessive mortality or nonfatal cardiac arrest rate was seen in 
patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to carefully matched placebo treated groups (22/725). The average duration of 
treatment with encainide or flecainide in this study was ten months.The applicability of these 
results to other populations (e.g., those without recent myocardial infarction and to other 
antiarrhythmic drugs) is uncertain, but at present it is prudent (1) to consider any IC agent 
(especially one documented to provoke new serious arrhythmias) to have a similar risk and 
(2) to consider the risks of Class IC agents, coupled with the lack of any evidence of 
improved survival, generally unacceptable in patients without life threatening ventricular 
arrhythmias, even if the patients are experiencing unpleasant, but not life threatening, 
symptoms or signs. 

Proarrhythmic Effects 

RYTHMOL, like other antiarrhythmic agents, may cause new or worsened arrhythmias. Such 
proarrhythmic effects range from an increase in frequency of PVCs to the development of 
more severe ventricular tachycardia, ventricular fibrillation or torsade de pointes; i.e., 
tachycardia that is more sustained or more rapid which may lead to fatal consequences. It is 
therefore essential that each patient given RYTHMOL be evaluated electrocardiographically 
and clinically prior to, and during therapy to determine whether the response to RYTHMOL 
(propafenone HCI) supports continued treatment.Overall in clinical trials with propafenone, 
4.7% of all patients had new or worsened ventricular arrhythmia possibly representing a 
proarrhythmic event (0.7% was an increase in PVCs; 4.0% a worsening, or new appearance, 
of VT or VF). Of the patients who had a worsening of VT (4%), 92% had a history of VT 
and/or VT/VF, 71% had coronary artery disease, and 68% had a prior myocardial infarction. 
The incidence of proarrhythmia in patients with less serious or benign arrhythmias, which 
include patients with an increase in frequency of PVCs, was 1.6%. Although most 
proarrhythmic events occurred during the first week of therapy, late events also were seen 
and the CAST study (see above) suggests that an increased risk is present throughout 
treatment. 

Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) 

PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL,NOT RECEIVE 
PROPAFENONE or other agents with beta adrenergic blocking activity. 


. Congestive Heart Failure 


During treatment with oral propafenone in patients with depressed baseline function (mean 
EF=33.5%), no significant decreases in ejection fraction were seen. In clinical trial 
experience, new or worsened CHF has been reported in 3.7% of patients; of those 0.9% were 
considered probably or definitely related to RYTHMOL. Of the patients with congestive heart 
failure probably related to propafenone, 80% had preexisting heart failure and 85% had 
coronary artery disease. CHF attributable to RYTHMOL developed rarely (<0.2%) in patients 
who had no previous history of CHF. As RYTHMOL exerts both beta blockade and a (dose 
related) negative inotropic effect on cardiac muscle, patients with congestive heart failure 
should be fully compensated before receiving RYTHMOL. If congestive heart failure 


~ worsens, RYTHMOL should be discontinued (unless congestive heart failure is due to the 


cardiac arrhythmia) and, if indicated, restarted at a lower dosage only after adequate cardiac 
compensation has been established. 

Conduction Disturbances 

RYTHMOL slows atrioventricular conduction and also causes first degree AV block. Average 
PR interval prolongation and increases in QRS duration are closely correlated with dosage 
increases and concomitant increases in propafenone plasma concentrations. The incidence 
of first degree, second degree, and third degree AV block observed in 2,127 patients was 
2.5%, 0.6%, and 0.2%, respectively. Development of second or third degree AV block 
requires a reduction in dosage or discontinuation of RYTHMOL. Bundle branch block (1.2%) 
and intraventricular conduction delay (1.1%) have been reported in patients receiving 
propafenone. Bradycardia has also been reported (1.5%). Experience in patients with sick 
sinus node syndrome is limited and these patients should not be treated with propafenone. 
Effects on Pacemaker Threshold 

RYTHMOL may alter both pacing and sensing thresholds of artificial pacemakers. 
Pacemakers should be monitored and programmed accordingly during therapy. 

Hematologic Disturbances 

One case of agranulocytosis with fever and sepsis, probably related to use of propafenone, 
was seen in U.S. clinical trials. The agranulocytosis appeared after 8 weeks of therapy. 
Propafenone therapy was stopped and the white count had normalized by 14 days. The 
patient recovered. In the course of over 800,000 patient years of exposure during marketing 
outside the U.S. since 1978, seven additional cases have been reported. In one of these, 
concomitant captopril, a drug known to cause agranulocytosis, was used. Unexplained fever 
and/or decrease in white cell count, particularly during the first three months of therapy, 
warrant consideration of possible agranulocytosis/granulocytopenia. Patients should be 
instructed to promptly report the development of any signs of infection such as fever, sore 
throat, or chills. 

PRECAUTIONS 

Hepatic Dysfunction: 

Propafenone is highly metabolized by the liver and should, therefore, be administered 
cautiously to patients with impaired hepatic function. The dose of propafenone given to 
patients with impaired hepatic function should be significantly reduced. Careful monitoring 
for excessive pharmacological effects (see OVERDOSAGE) should be carried out. 

Renal Dysfunction: 

A considerable percentage of propafenone metabolites (18.5%-38% of the dose/48 hours) 
are excreted in the urine. Until further data are available, RYTHMOL should be administered 
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monitored for signs of overdosage (see OVERDOSAGE). 


cautiously to patients with impaired renal function. These patients should be carefully . 
Elevated ANA Titers: ut 


elevation of ANA titers is detected, consideration should be given to discontinuing therapy, — = 


Impaired Spermatogenesis: "tO 


a Le 


rabbits after high dose intravenous administration. Evaluation of the effects of short term ves 2 


propafenone administration on spermatogenesis in 11 normal subjects suggests that — 


propafenone produced a reversible, short term drop (within normal range) in sperm count. PA 


Subsequent evaluations in 11 patients receiving propafenone chronically have suggested no 
effect of propafenone on sperm count. 

Drug Interactions: Quinidine: Small doses of quinidine completely inhibit the hydroxylation 
metabolic pathway, making all patients, in effect, slow metabolizers. There is, as yet, too little à 
information to recommend concomitant use of propafenone and quinidine. Local 
Anesthetics: Concomitant use of local anesthetics may increase the risks of central nervous 
system side effects. Digitalis: RYTHMOL produces dose related increases in serum digoxin 


La 


: 


| 
levels ranging from about 35% at 450 mg/day to 85% at 900 mg/day propafenone without d 
affecting digoxin renal clearance. Digoxin dosage should ordinarily be reduced when 


propafenone is started. Beta-Antagonists: Propafenone appears to inhibit the hydroxylation 


pathway for propranolol and metoprolol (just as quinidine inhibits propafenone metabolism). E F 
While the therapeutic range for beta-blockers is wide, a reduction in dosage may be i 


necessary during concomitant administration with propafenone. Warfarin: In a study of M 


eight healthy subjects receiving propafenone and warfarin concomitantly, mean steady-state 


warfarin plasma concentrations increased 39% with a corresponding increase in E: 
prothrombin times of approximately 25%. It is therefore recommended that prothrombin im 
times be routinely monitored and the dose of warfarin be adjusted if necessary. Cimetidine: ed 
Concomitant administration of propafenone and cimetidine in 12 healthy subjects resulted in EG 
a 20% increase in steady-state plasma concentrations of propafenone with no detectable As 


changes in electrocardiographic parameters beyond that measured on propafenone alone. 
Other: Limited experience with propafenone combined with calcium antagonists and 
diuretics has been reported without evidence of clinically significant adverse reactions. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Life time maximally tolerated oral 
dose studies in mice (up to 360 mg/kg/day) and rats (up to 270 mg/kg/day) provided no 
evidence of a carcinogenic potential for propafenone. RYTHMOL was not mutagenic when 
assayed for genotoxicity. Pregnancy Teratogenic Effects: Pregnancy Category C.: 
Propafenone has been shown to be embryotoxic in rabbits and rats when given in doses 10 
and 40 times, respectively, the maximum recommended human dose. No teratogenic 
potential was apparent in either species. There are no adequate and well controlled studies in 


pregnant women. Propafenone should be used during pregnancy only if the potential benefit aud 


justifies the potential risk to the fetus. Pregnancy Nonteratogenic Effects: In a perinatal and 
postnatal study in rats, propafenone, at dose levels of 6 or more times the maximum 
recommended human dose, produced dose dependent increases in maternal and neonatal 
mortality, decreased maternal and pup body weight gain and reduced neonatal physiological 
development. Labor and Delivery: It is not known whether the use of propafenone during 
labor or delivery has immediate or delayed adverse effects on the fetus, or whether it 
prolongs the duration of labor or increases the need for forceps delivery or other obstetrical 
intervention. Nursing Mothers: It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the potential for serious 
adverse reactions in nursing infants from RYTHMOL, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. i 
Pediatric Use: The safety and efficacy of RYTHMOL in children has not been established. 
Geriatric Use: There do not appear to be any age-related differences in adverse reaction rates 
in the most commonly reported adverse reactions. Because of the possible increased risk of 
impaired hepatic or renal function in this age group, RYTHMOL should be used with caution. 
The effective dose may be lower in these patients. 

ADVERSE REACTIONS 

Adverse reactions associated with RYTHMOL (propafenone HCI) occur most frequently in the 
gastrointestinal, cardiovascular, and central nervous systems. About 20% of patients 
discontinued due to adverse reactions. 

Adverse reactions reported for >21% of 2,127 patients who received propafenone in U.S. 
Clinical trials are presented in the following list. Dizziness, Nausea and/or Vomiting, Unusual 
Taste, Constipation, Fatigue, Dyspnea, Proarrhythmia, Angina, Headache(s), Blurred Vision, i 
CHF, Ventricular Tachycardia, Dyspepsia, Palpitations, Rash, First Degree AV Block, Diarrhea, ‘ 


Pot n. cai ] 


Lt 


Weakness, Dry Mouth, Syncope/Near Syncope, Increased QRS Duration, Chest Pain, P^ 
Anorexia, Abdominal Pain/Cramps, Ataxia, Insomnia, Premature Ventricular Contraction(s), ra 
Bradycardia, Anxiety, Edema, Tremor(s), Diaphoresis, Bundle Branch Block, Drowsiness, x 
Atrial Fibrillation, Flatulence, Hypotension, Intraventricular Conduction Delay, Joint(s) Pain. 4? 


In addition, the following adverse reactions were reported less frequently than 1% either in 


clinical trials or in marketing experience (adverse events for marketing experience are given d 
> 


in italics). Causality and relationship to propafenone therapy can not necessarily be judged — 
from these events. Cardiovascular System: Atrial flutter, AV dissociation, cardiac arrest, - x te old 
flushing, hot flashes, sick sinus syndrome, sinus pause or arrest, supraventricular mo 
tachycardia. Nervous System: Abnormal dreams, abnormal speech, abnormal vision, apnea, > ^em 
coma, confusion, depression, memory loss, numbness, paresthesias, psychosis/mania, (a 
seizures (0.3%), tinnitus, unusual smell sensation, vertigo. Gastrointestinal: A number of —— 


patients with liver abnormalities associated with propafenone therapy have been reported in 


foreign postmarketing experience. Some appeared due to hepatocellular injury, some were 
cholestatic and some showed a mixed picture. Some of these reports were simply — 
discovered through clinical chemistries, others because of clinical symptoms. One case was 
rechallenged with a positive outcome. Cholestasis (0.1%), elevated liver enzymes (alkaline: ~- 
phosphatase, serum transaminases) (0.2%), gastroenteritis, hepatitis (0.03%) Hematologic: — 


Agranulocytosis, anemia, bruising, granulocytopenia, increased bleeding time, leukopenia, = ~- 


purpura, thrombocytopenia. Other: Alopecia, eye irritation, hyponatremia/inappropriate ADH ~ X 1 
secretion, impotence, increased glucose, kidney failure, positive ANA (0.796), lupus ; 


erythematosis, muscle cramps, muscle weakness, nephrotic syndrome, pain, pruritus. 


OVERDOSAGE "over 


The symptoms of overdosage, which are usually most severe within 3 hours of ingestion, 
may include hypotension, somnolence, bradycardia, intraatrial and intraventricular 
conduction disturbances, and rarely convulsions and high grade ventricular arrhythmias. 
Defibrillation as well as infusion of dopamine and isoproterenol have been effective in 
controlling rhythm and blood pressure. Convulsions have been alleviated with intravenous 
diazepam. General supportive measures such as mechanical respiratory assistance and 
external cardiac massage may be necessary. 
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CLASSIFIED 


CARDIOLOGIST —Cardiologist needed in Midwestern 
Community to Associate with busy cardiologist. Predomi- 
nantly Non Invasive, but Cath may be possible in nearby 
major center. Excellent Salary with early partnership. Reply 
Box 950, The American Journal of Cardiology, 249 W. 17th 
St., New York, N.Y. 10011. 


NON-INVASIVE/INVASIVE CARDIOLOGIST, BC-BE, needed to join 
established 3-physician non-invasive cardiology private practice affili- 
ated with a large university teaching center in Pittsburgh, PA. Expertise 
in echocardiography and stress-echocardiography required. Opportu- 
nity for a limited number of invasive procedures at affiliated private 
hospital. Excellent salary and benefits with opportunity for partnership. 
Send Curriculum Vitae to: Box 1110, The American Journal of Cardiol- 
ogy, 249 W. 17th St., New York, N.Y. 10011. 


Research Fellow 


The job requires obtaining and recording clinical data 
from the cardiovascular program at Missouri Heart In- 
stitute. These data include abstracting and recording 
data from patients with acute myocardial infarction; 
those treated and diagnosed with tissue plasminogen 
activator (TPA); percutaneous transluminal coronary 
angioplasty (PTCA); heart catheterization data; pace- 
maker follow up; valvular heart surgery; coronary by- 
pass surgery and magnetic resonance imaging (MRI); 
data from the risk detection and intervention clinic and 
other related procedures. These data are entered into 
computer for retrieval and evaluation. Applicant must 
be knowledgeable of the anatomy and physiology of 
the cardiovascular system as well as the clinical appli- 
cation of the diagnostic and therapeutic modalities in- 
volved including magnetic resonance imaging. One 
must use clinical judgement in relating the data collect- 
ed. Applicant must be able to converse with clinicians 
and obtain and correlate data obtained. M.D. or equiva- 
lent in Cardiology, 4 yrs. experience, 40 hrs. wk., 
$24,000.00 yr. 


Resumés to: 


Division of Employment Security 
421 East Dunklin Street 
Jefferson City, MO 65101 


ATTN: John F. Scott 
Reference J.O. #362710 
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VALVULAR HEART DISEASE 


Changes in Left Ventricular Systolic Performance 
Immediately After Percutaneous Aortic Balloon 
Valvuloplasty 


David H. Harpole, MD, Charles J. Davidson, MD, Thomas N. Skelton, MD, 
Katherine B. Kisslo, RDMS, Robert H. Jones, MD, and Thomas M. Bashore, MD 


To evaluate the acute changes in left ventricular 


(LV) performance before and immediately after 
percutaneous aortic valvuloplasty, 25 patients un- 
derwent first-pass radionuclide angiocardiography 
for construction of pressure-volume loops. Simulta- 
neously, high-fidelity micromanometric aortic and 
LV pressures were recorded. Echocardiographic 
wall thickness was used to define wall stress. After 
valvuloplasty, no acute changes were observed in 
the heart rate, aortic systolic pressure, cardiac out- 
put or degree of aortic insufficiency. Valvuloplasty 
decreased the peak aortic valve gradient from 73 to 
40 mm Hg (p «0.001) and the mean gradient from 
61 to 30 mm Hg (p «0.001); aortic valve area in- 
creased from 0.55 to 0.80 cm? (p «0.001). Meridi- 
onal end-systolic wall stress decreased from 83 to 
55 x 10? dynes/cm2 (p <0.01). LV ejection frac- 
tion increased from 0.41 to 0.48 (p <0.01). LV 
end-diastolic volume decreased from 186 to 160 ml 
(p <0.001), end-systolic volume decreased from 
115 to 87 ml (p «0.001) and end-diastolic pressure 
decreased from 22 to 17 mm Hg (p <0.01). LV 
stroke work decreased from 16.0 to 14.0 x 10$ 
erg (p <0.001). No change was observed in peak 
positive LV dP/dt or the end-systolic pressure-vol- 
ume ratio. This study documents variable and com- 
plex changes in the measures of cardiac function 
after aortic valvuloplasty. A decrease in the amount 
of LV outflow obstruction with maintenance of the 
cardiac output at a decreased level of LV filling 
occurs. 

(Am J Cardiol 1990;65:1213-1218) 


From the Departments of Medicine and Surgery, Duke University 


Medical Center, Durham, North Carolina. This study was supported in 
part by SCOR Grant HL 17670 from the National Heart, Lung, and 
Blood Institute, Bethesda, Maryland. Manuscript received July 21, 
1989; revised manuscript received and accepted January 5, 1990. 
Address for reprints: Thomas M. Bashore, MD, Box 3012, Duke 
University Medical Center, Durham, North Carolina 27710. 


patients with aortic stenosis that maintains cardiac 

output despite valvular obstruction. The abrupt 
decrease in outflow resistance after the aortic valvulo- 
plasty! is well suited for physiologic measurements 
which document the response of the left ventricle to a 
decrease in afterload and may provide insight into com- 
pensatory mechanisms in patients with chronic severe 
aortic stenosis. This investigation used simultaneous left 
ventricular (LV) pressure, initial transit radionuclide 
angiocardiographic volume data and echocardiography 
in patients immediately before and after percutaneous 
balloon aortic valvuloplasty was performed to more 
completely characterize changes due to the procedure. 


ec: circulatory mechanisms occur in 


METHODS 

Population: Twenty-five consecutive patients with 
hemodynamically significant aortic stenosis were en- 
tered into the study after obtaining written informed 
consent. There were 12 men and 13 women; mean age 
was 74 + 9 years. Fourteen patients exhibited Canadian 
Heart Association angina class III or IV, 21 patients 
had New York Heart Association congestive heart fail- 
ure class III or IV and 6 patients noted syncope or pre- 
syncope. Eleven patients had significant coronary artery 
disease. None had prior myocardial infarction or cardi- 
ac surgery. 

Experimental design: CARDIAC CATHETERIZATION AND 
ANGIOGRAPHY: Catheterization was performed via the 
femoral approach. Right-sided heart pressures were 
measured with a fluid-filled catheter. A temporary 
pacemaker was positioned before the procedure. Coro- 
nary angiography and aortography preceded left ven- 
triculography in all patients. After valvuloplasty, aor- 
tography and ventriculography were repeated after ac- 
quisition of all radionuclide data. Nonionic contrast was 
used exclusively. Oxygen consumption was directly de- 
termined for calculation of the Fick cardiac output. The 
aortic valve area was determined using the Gorlin for- 
mula. Aortic and mitral insufficiency were visually 
graded using the standard 0 to 4+ scale. 

Simultaneous LV and aortic pressures were mea- 
sured with high-fidelity micromanometer catheters 
(Millar Instruments, Inc.), inserted through a 14Fr 
sheath. Micromanometer pressure was balanced exter- 
nally and calibrated to the fluid-filled lumen pressures 
(Figure 1). Digital LV pressure data were acquired si- 
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multaneously with radionuclide image data using the 
Scinticor multicrystal gamma camera (Scinticor Inc.). 

Valvuloplasty procedure: A single aortic valvulo- 
plasty balloon with a 20 mm diameter (Mansfield, Inc.) 
was used in all cases. Immediately after valvuloplasty, 
the double sensor micromanometer catheter was rein- 
troduced and left ventriculography, aortography and 
right-sided heart data were reacquired. 

Radionuclide angiocardiography: Initial transit ra- 
dionuclide angiocardiograms were acquired for 25 sec- 
onds at 20 ms intervals immediately before and «10 
minutes after valvuloplasty. Ten mCi of technetium- 
99m diethylenetriamine pentaacetic acid was injected as 
a bolus through a 20-gauge right external jugular ve- 
nous catheter. Commercial software was used to deter- 
mine heart rate, LV volumes (area-length method), 
short axis dimensions, angiographic cardiac output, left 
and right ventricular ejection fraction and peak ejection 
and filling rates. The accuracy and reproducibility of 
these measurements have been reported previously.^- 
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PRE-VALVULOPLASTY 








Compared to contrast angiography, studies from our 
laboratory have indicated a linear correlation coefficient 
of 0.89 and 0.95 for LV end-diastolic volume and end- 
systolic volume, respectively. 

High-fidelity LV pressure was simultaneously ac- 
quired with each 20 ms frame of radionuclide image 
data. The pressure and volume curves obtained from the 
radionuclide study represented an averaged cardiac cy- 
cle constructed from the LV beats with an end-diastolic 
count rate 270% of the peak end-diastolic count. LV 
stroke work was determined after constructing pressure- 
volume loops and integration of the area within the 
loop® (Figure 1). 

End-systolic meridional wall stress: M-mode and 2- 
dimensional echocardiograms were obtained 1 hour be- 
fore the valvuloplasty procedure to determine LV end- 
systolic wall thickness (h) in the short-axis projection. 
Posterior wall thickness was used for all patients with 
normal wall motion. For 5 patients with abnormal pos- 
terior wall motion, the normal anterior wall was avail- 


FIGURE 1. Hemodynamic data from rep- 
resentative patient before and after valvu- 
loplasty document decrease in aortic valve 
gradient, constant heart rate and constant 
left ventricular dP/dt. 
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FIGURE 2. Aortic valve gradient and aor- 
tic valve area before and after valvuloplas- 
ty in each patient. 
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dard deviation. 


able for use. Short-axis dimensions were derived from 
the first-pass radionuclide angiocardiography images 
before and after valvuloplasty.’ LV end-systolic meridi- 
onal wall stress (10? dynes/cm?) was calculated using 
the following formula?-!9: 


0.334 X (end-systolic dimension) X (end-systolic pressure) 
(h)(1 + (h/end-systolic dimension)). 


Wall stress 2100 X 10? dynes/cm? was considered ab- 


, normal? 


Statistical analysis: The observed changes before 
and after valvuloplasty were analyzed for statistical sig- 
nificance (p <0.05) using the Student's paired ¢ test and 
the Wilcoxon signed rank test. 


RESULTS 

Individual patient data are listed in Tables I and II. 
Valvuloplasty resulted in no change in heart rate (78 + 
13 to 80 + 14 beats/min), Fick cardiac output (4.6 + 
1.3 to 4.4 + 1.1 liters/min), radionuclide cardiac output 
(5.4 + 1.8 to 5.5 + 1.5 liters/min), aortic root peak 
systolic pressure (132 + 30 to 139 + 33 mm Hg) or 
aortic regurgitation measured visually from aortogra- 
phy. 
Valvuloplasty decreased peak LV systolic pressure 
(206 + 42 to 175 + 27 mm Hg; p <0.001), peak to 
peak aortic valve gradient (73 + 28 to 40 + 20 mm Hg; 
p <0.001), and mean aortic valve gradient (61 + 22 to 
36 + 15 mm Hg; p <0.001). Aortic valve area in- 
creased from 0.55 + 0.17 to 0.80 + 0.20 cm? (p 
<0.001, Figure 2). For 22 patients with an adequate 


LVEDP (mm Hg) 


Al = aortic insufficiency; AVA = aortic valve area; CO = cardiac output; LVEDP = left ventricular end-diastolic pressure; MR = mitral regurgitation; P-P = peak aortic valve; SD = stan- 


P-P Gradient (mm Hg) AVA (cm?) 


0.6 0.9 
73 X 28 0.55 +0.17 


echocardiographic end-systolic image, calculated me- 
ridional end-systolic wall stress decreased (83 + 49 to 
55 + 37 X 10? dynes/cm?; p <0.001) after valvuloplas- 
ty. The linear correlation obtained for LV ejection frac- 
tion and end-systolic wall stress before and after the 
procedure was r — 0.81 (Figure 3). 

After valvuloplasty, LV ejection fraction increased 
(0.41 + 0.17 to 0.48 + 0.18; p <0.01) along with peak 
LV ejection rate (—307 + 140 to —354 + 120 ml/s; p 
<0.05). LV peak filling rate was unchanged (344 + 85 
to 330 + 93 ml; difference not significant) and the end- 
diastolic pressure/volume ratio was unchanged (0.12 + 
0.04 mm Hg/ml before to 0.11 + 0.04 after the proce- 
dure; difference not significant). Radionuclide LV end- 
diastolic volume decreased from 186 + 46 to 159 + 41 
ml (p «0.001), end-systolic volume decreased from 115 
+ 58 to 88 + 50 ml (p «0.001) and end-diastolic pres- 
sure decreased from 22 + 9 to 17 + 7 mm Hg (p 
«0.01, Figure 4). LV stroke work also decreased from 
16.0 + 8.0 to 14.0 + 6.5 X 10° ergs (p «0.01, Figures 5 
and 6). 

Right-sided heart pressure data before and immedi- 
ately after the procedure included the following: right 
atrial pressure (6 + 3 to 8 + 5 mm Hg; p 70.1), right 
ventricular systolic pressure (46 + 12 to 47 + 14 mm 
Hg; p 70.1), pulmonary arterial diastolic pressure (28 
+ 9 to 26 + 8 mm Hg; p >0.1) and pulmonary artery 
capillary wedge pressure (18 + 7 to 16 + 6 mm Hg; p 
= 0.08). 

The peak positive and peak negative LV dP/dt did 
not change significantly (1,600 + 500 to 1,475 + 400 
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Wall Stress 


Stroke Work (ergs 109) (10? dynes/ cm?) 


15941 1604+8.0 140465 83249 59 37 





LVEDF = left ventricular end-diastolic volume; LVEF = left ventricular ejection fraction; RNA CO = radionuclide angiocardiogram cardiac output; SD = standard deviation. 


mm Hg/s and —1,450 + 600 to —1,250 + 400 mm 
Hg/s). End-systolic pressure volume ratio was also un- 
affected (2.4 + 1.4 to 2.8 + 1.7 mm Hg/ml; difference 
not significant). 


DISCUSSION 
The left ventricle in patients with longstanding aor- 
tic stenosis adapts to an elevated systolic pressure. 
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Symptoms of congestive heart failure occur when pres- 
sure overload exceeds compensatory mechanisms such 
as hypertrophy. Due to the advanced age and comorbid 
conditions of patients who are candidates for balloon 
aortic valvuloplasty, most reports have not included de- 
tailed acute hemodynamic information.!!-!? This proce- 
dure, however, allows for the determination of the effect 
of a sudden afterload decrease on the hypertrophied 


FIGURE 3. Correlation of left ventricular 
(LV) ejection fraction and end-systolic me- 
ridional wall stress is shown for all studies 
before and after valvuloplasty (n = 44). 
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LV. The pressure-volume loops constructed in this study 
allow for further insight into the resultant hemodynam- 
ics observed after aortic valvuloplasty. 

Aortic transvalvular gradient decreased in 24 of 25 
patients. In 19 of 22 patients, end-systolic meridional 
wall stress also decreased. Due to the compensatory LV 
hypertrophy, only 7 patients had an abnormal baseline 
value. The baseline and acute change in end-systolic 
meridional wall stress correlated reasonably well with 
the resultant LV ejection fraction (Figure 3). This is 
consistent with the notion that the improvement in ejec- 
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FIGURE 4. Left ventricular (LV) end-dia- 
stolic pressure and volume before and 
after valvuloplasty in each patient. 
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FIGURE 5. Left ventricular (LV) ejection Ejection 
fraction and stroke work before and after Fraction 
valvuloplasty in each patient. RNA = 40 
radionuclide angiocardiogram. (6) 
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FIGURE 6. Radionuclide angiocardiogram 
(RNA) pressure-volume loops before and 
after valvuloplasty are shown for patient 
5. Note the decrease in peak left ventricu- 
lar pressure, while stroke volume was un- 100 
changed despite a decrease in preload. 
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tion fraction seen after valvuloplasty relates more to im- 
proved loading conditions rather than an increase in in- 
trinsic myocardial contractility. 

Since heart rate was unchanged by the procedure 
and the LV end-diastolic volume decreased, stroke vol- 
ume and cardiac output were maintained at a decreased 
level of LV filling. Significant bleeding could have add- 
ed to the preload decrease after valvuloplasty. Eight pa- 
tients required 1 unit of packed red blood cells after the 
procedure. However, reflex tachycardia was not ob- 
served, intravenous fluids were also given liberally dur- 
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ing the procedure (1 to 2 liters) to maintain stable he- 
modynamics and femoral artery sheaths were used in all 
cases to decrease the amount of blood loss during cathe- 


ter exchanges. 


The change in the measures of LV function of the 11 
patients with coronary artery disease was similar to that 
of the remaining population. There was no documented 
myocardial ischemia measured with electrocardiogra- 
phy, cardiac isoenzymes or new LV regional wall mo- 
tion abnormalities. Similarly, no change in aortic insuf- 
ficiency was observed. 

Although this study did not specifically address dia- 
stolic function, neither peak filling rate nor peak nega- 
tive dP/dt was altered. We have previously showed that 
an acute worsening of diastolic parameter (such as tau) 
may occur after valvuloplasty, likely as a function of LV 
"stunning" from transient endocardial underperfu- 
sion.!^-16 

Other acute measurements of systolic function such 
as the end-systolic pressure volume ratio and LV dP/dt 
were not changed by valvuloplasty. These parameters 
are obviously also sensitive to changes in loading condi- 
tions. Load-independent LV performance measures, 
such as the determination of the end-systolic pressure- 
volume relation!’ or the calculation of preload-recruita- 
ble stroke work!* would have required an additional in- 
tervention (ie., inferior vena cava balloon occlusion) 
that was unwarranted in this patient population. 

Our data indicate that the hemodynamic observa- 
tions after aortic valvuloplasty reflect a complex inter- 
play of factors that alter loading conditions and myo- 
cardial performance. These factors should be considered 
when interpreting any measurable variable obtained af- 
ter the procedure. 


REFERENCES 

1. Lababidi L, Wu JR, Walls JT. Percutaneous balloon aortic valvuloplasty 
results in 23 patients. Am J Cardiol 1984;53:194—197. 

2. McKay RG, Safian RD, Lock JE, Mandel VS, Thurer RL, Schnitt SJ, 


. 1218 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


dto Le a "us R > - a u* 





Grossman W. Balloon dilatation of calcific aortic stenosis in elderly patients: 
postmortem, intraoperative, and percutaneous valvuloplasty studies. Circulation 
1986;74:119-125. 

3. Letac B, Cribier A, Koning R, Bellefleur JP. Results of percutaneous translu- 
minal valvuloplasty in 218 patients. Am J Cardiol 1988;62:598-605. 

4. Jones RH, Sabiston DC, Bates BB, Morris JJ, Anderson PAW, Goodrich JT. 
Quantitative radionuclide angiography for determination of chamber to chamber 
cardiac transit times. Am J Cardiol 1972;30:855-863. 

5. Scholz PM, Rerych SK, Moran JR, Newman GE, Douglas JM, Sabiston DC, 
Jones RH. Quantitative radionuclide angiocardiography. Cathet Cardiovasc 
Diagn 1980;6:265-283. 

6. Harpole DH, Skelton TN, Davidson CJ, Jones RH, Bashore TM. Validation of 
pressure volume data obtained in patients by initial-transit radionuclide angiocar- 
diography. Am Heart J 1989;118:983-989. 

7. Anderson PAW, Rerych SK, Moore TE, Jones RH. Accuracy of left ventricu- 
lar end-diastolic dimension determinations obtained by radionuclide angiography. 
J Nucl Med 1981;22:500-505. 

8. Grossman W, Jones D, McLaurin LP. Wall stress and patterns of hypertrophy 
in the human ventricle. J Clin Invest 1975;56:56—64. 

9. DePace NL, Ren JG, Iskandrian AS, Kolter MN, Hakki AH, Segal BL. 
Correlation of echocardiographic wall stress and left ventricular pressure and 
function in aortic stenosis. Circulation 1983;67:854—859. 

10. Quinones MA, Mokotoff DM, Nouri S, Winters WL, Miller RR. Noninva- 
sive quantification of left ventricular wall stress. Am J Cardiol 1980;45:782-785. 
11. Sherman W, Hershman R, Lazzam C, Cohen M, Ambrose J, Gorlin R. 
Balloon valvuloplasty in adult aortic stenosis: determinates of clinical outcome. 
Ann Intern Med 1989;110:421-425. 

12. McKay RG, Safian RD, Lock JE, Diver DJ, Berman AD, Warren SE, Come 
PC, Baim DS, Mandell VE, Royal HD, Grossman W. Assessment of left ventricu- 
lar and aortic valve function after aortic balloon valvuloplasty in adult patients 
with critical aortic stenosis. Circulation 1986,;75:192-203. 

13. Safian RD, Warren SE, Berman AD, Diver DJ, McKay LL, Come PC, 
Grossman W, McKay RG. Improvement in symptoms and left ventricular perfor- 
mance after balloon aortic valvuloplasty in patients with aortic stenosis and 
depressed left ventricular ejection fraction. Circulation 1988;78:1181-1191. 
14. Sheikh KH, Davidson CJ, Honan M, Kisslo K, Skelton TN, Bashore TM. 
Clinical status 6 months after aortic valvuloplasty relates to changes in left 
ventricular diastolic performance and mass. JACC 1990;in press. 

15. Smucker ML, Tedesco CL, Manning SB, Owen RM, Feldman MD. Demon- 
stration of an imbalance between coronary perfusion and excessive load as a 
mechanism of ischemia during stress in patients with aortic stenosis. Circulation 
1988;78:573-582. 

16. Rousseau MF, Wyns W, Hammer F, Caucheteux D, Hue L, Pouleur H. 
Changes in coronary blood flow and myocardial metabolism during aortic balloon 
valvuloplasty. Am J Cardiol 1988;61:1080-1084. 

17. Kass DA, Maughan WL, Guo ZM, Kono A, Sunagawa K, Sagawa K. 
Comparative influence of load versus inotropic states on indexes of ventricular 
contractility: experimental and theoretical analysis based on pressure-volume 
relationships. Circulation 1987;76:1422-1436. 

18. Glower DD, Spratt JA, Snow ND, Kabas JS, Davis JW, Olsen CO, Tyson 
GS, Sabiston DC Jr, Rankin JS. Linearity of the Frank-Starling relationship in 
the intact heart: the concept of preload recruitable stroke work. Circulation 
1985;71:994-1009. 


b 





^. 


~ 


gx 


"m 





Effect of Aortic Valve Replacement for Aortic 
Stenosis on Severity of Mitral Regurgitation 


Paul A. Tunick, MD, Aaron Gindea, MD, and Itzhak Kronzon, MD 


The severity of mitral regurgitation (MR) was 


determined by color Doppler echocardiography in 
44 adult patients with severe symptomatic aortic 
stenosis before and after isolated aortic valve re- 
placement. Preoperative MR was absent in 17, 
mild in 14, moderate in 11 and severe in 2 pa- 
tients. Three to 388 (mean 58) days after surgery, 
14 patients continued to have no MR. In the other 
30 patients, MR decreased in 18 (60%), remained 
unchanged in 8 (2796) and increased in only 4 
(1396). Furthermore, in 13 patients with significant 
(moderate or severe) MR, the severity decreased in 
12 (9296). Thus, the severity of MR often de- 
creases after aortic valve replacement for aortic 
stenosis. 

(Am J Cardiol 1990;65:1219-1221) 
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ortic stenosis is often thought to be isolated 
A (occurring without mitral disease). Ina pathologic 

analysis of 543 hearts with valve disease, Rob- 
erts! found that isolated aortic stenosis was the most 
common abnormality and, when isolated, it is not rheu- 
matic.* In fact, mitral regurgitation (MR) is often 
present clinically in patients with congenital or degener- 
ative aortic stenosis and was recently reported to be a 
marker of reduced left ventricular performance in these 
patients.? 

We studied 44 patients with Doppler echocardiogra- 
phy before and after aortic valve replacement for severe 
aortic stenosis to determine the incidence of associated 
MR and whether MR was affected by aortic valve re- 
placement. 


METHODS 

Patients: Doppler echocardiograms were reviewed 
for all patients in whom they were available both before 
and after aortic valve replacement between July 1987 
and June 1989. Patients were excluded from the study if 
they also had mitral valve surgery. There were 44 pa- 
tients in the study group, 21 men and 23 women. Their 
ages ranged from 35 to 85 (mean 69 + 12). 

Echocardiography: M-mode, 2-dimensional, pulsed, 
continuous wave and color Doppler studies were done 
on commercially available equipment. The peak and 
mean aortic gradients were calculated using the modi- 
fied Bernoulli equation. Aortic stenosis was considered 
to be severe if the mean aortic gradient was 245 mm 
Hg or the aortic valve area was €0.85 cm using the law 
of continuity.* Aortic regurgitation and MR were grad- 
ed as mild, moderate or severe using previously de- 
scribed methods.>*-° Since the valvular lesions were grad- 
ed before this review, the grading was done blindly with 
respect to the purposes of this study. 

Statistical analysis: Chi-square tests were used to 
analyze the differences between pre- and postoperative 
MR. Analysis of variance was used to determine the 
differences in aortic gradients among patients with 
varying degrees of MR. 


RESULTS 

Mitral regurgitation: The pre- and postoperative de- 
grees of MR for all 44 patients are listed in Table I. 
The degree of MR often decreased after aortic valve 
replacement and this change was significant (p «0.05). 
Preoperatively, MR was absent in 17 (39%), mild in 14 
(32%), moderate in 11 (25%) and severe in 2 patients 
(4%). Postoperative echocardiograms were done 3 to 
388 days (mean 58 days) after the preoperative studies. 
Only 2 patients (4.5%) were restudied within 1 week, 
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TABLE I Mitral Regurgitation Before and After Aortic Valve 
Replacement 


Postoperative MR 


Severe 
(n 7 0) 


Moderate 
(n = 3) 


Preoperative None Mild 
MR (n226) (n=15) 


None 
Mild 
Moderate 
Severe 


Chi-square = 12.8; probability of chance = 0.047. 
MR = mitral regurgitation. 


TABLE II Mitral Regurgitation After Aortic Valve 
Replacement* 


MR MR MR 
Decreased Unchanged Increased 


All pts (n = 30) (95) 
No or mild MR (n = 17) (96) 
Significant MR (n = 13) (96) 


18 (60) 
6 (35) 
12 (92) 
12 (52) 
6 (86) 
9 (64) 
No MAC or MVT (n = 16) (99) 9(56) 
* Patients without preoperative or postoperative MR excluded. 
Subgroup analysis: no or mild MR vs significant MR, p = 0.006; no or mild AR vs 
significant AR, p = 0.07; no MAC or MVT vs MAC or MVT, p = 0.65. 


AR = aortic regurgitation; MAC = mitral anular calcification; MR = mitral regurgita- 
tion; MVT = mitral valve thickening; significant = moderate or severe. 


No or mild AR (n = 23) (%) 
Significant AR (n = 7) (%) 
MAC or MVT (n = 14) (%) 


and therefore it is unlikely that the changes reported in 
this study are due to acute hemodynamic changes post- 
operatively. Fourteen patients had no MR before and 
after aortic valve replacement. Of the other 30 patients, 
MR decreased after aortic valve replacement in 18 
(60%). If only the patients who had MR preoperatively 
were considered, MR decreased in two-thirds. Of the 13 
patients with significant MR (moderate in 11, severe in 
2), it decreased in 12 (92%) and was unchanged in 1. 
The reduction in the severity of MR was significantly 
more likely to occur in patients with moderate or severe 
MR than in patients without significant regurgitation (p 
— 0.006) (Table II). 

Aortic stenosis: All patients had severe aortic steno- 
sis. The average mean aortic valve gradient in the pa- 
tients with no preoperative MR and mild, moderate and 
severe MR was 60 + 10, 65 € 14, 54 € 17 and 57 x 19 
mm Hg, respectively. These differences were not signifi- 
cant. In no patient did the hemodynamic data obtained 
at catheterization fail to confirm the presence of severe 
aortic stenosis as predicted by Doppler. 

Aortic regurgitation: Thirty patients had Doppler 
echocardiographic evidence of associated aortic regurgi- 
tation. MR decreased after aortic valve replacement in 
12 of 23 patients with no or mild AR (52%), which is 
similar to that in the group as a whole (60%). MR de- 
creased postoperatively in a larger percentage of those 
with significant (moderate or severe) aortic regurgita- 
tion (8690). While the trend was for MR to be more 
likely to diminish with aortic valve replacement in pa- 
tients with moderate or severe preoperative aortic regur- 
gitation, it did not reach statistical significance (p — 


1220 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


0.07) (Table II). Since only 4 patients (9%) had severe 
AR, it is unlikely that this lesion had a significant im- 
pact on the overall study results. 

Structural disease of the mitral apparatus: Mitral 
anular calcium or mitral valve thickening was present in 
23 of the 44 patients (52%). They were likely to have 
been due to degenerative diseases that occur with aging 
in this predominantly elderly population, whose median 
age was 74 (mean age 68). Although the youngest pa- 
tient was 35, 82% were 60 years or older. The percent- 
age of those patients with mitral anular calcium or mi- 
tral valve thickening whose MR decreased after aortic 
valve replacement was similar to that of the group as a 
whole: 64 vs 60%. MR also decreased postoperatively in 
about the same percentage of patients without echocar- 
diographically detectable structural abnormalities of the 
mitral apparatus (5696). There was no statistically sig- 
nificant difference in the likelihood that MR would de- 
crease between those with and without mitral anular 
calcium or mitral valve thickening (Table II). The de- 
grees of preoperative MR in patients with and without 
visible structural disease of the mitral apparatus were 
also similar. There was no statistically significant differ- 
ence among these groups. 


DISCUSSION 

MR was present preoperatively in 61% of patients, 
and it decreased after aortic valve replacement in the 
majority. Doppler echocardiographic studies have 
shown that MR can be demonstrated in 21 to 45% of 
normal subjects.-!? However, the MR detected in nor- 
mal people is almost uniformly mild.? Therefore, we de- 
fined significant MR as being either moderate or severe. 
When those with significant MR were considered, the 
MR decreased in the overwhelming majority (92%) af- 
ter aortic valve replacement. We also examined the inci- 
dences of thickening of the mitral leaflets and mitral 
anular calcium and found that although these were 
present in 52%, the presence or absence of MR in pa- 
tients with or without structural mitral disease was vir- 
tually identical. In addition, the distribution of differing 
degrees of MR in patients with and without structural 
disease of the mitral apparatus was comparable. Final- 
ly, the likelihood that MR will be reduced by aortic 
valve replacement was not affected by the presence or 
absence of structural mitral disease. 

The degree of MR depends on the regurgitant ori- 
fice and the systolic pressure gradient between the left 
ventricle and the left atrium. The former may be affect- 
ed by ventricular remodeling after aortic valve replace- 
ment. The latter certainly is affected by replacing a ste- 
notic aortic valve, thereby lowering the left ventricular 
systolic pressure. Monrad et al!! described the process 
of myocardial remodeling as left ventricular hypertro- 
phy regressed after aortic valve replacement. Left ven- 
tricular mass remained higher than normal at 1.6 years 
and it did not fall until 8.1 years. Thus the regression of 
hypertrophy and changes in ventricular geometry are 
slow processes that may even be retarded by the persis- 
tent small gradient across the prosthetic valves (these 
gradients could also explain the lack of complete regres- 





\ 





sion of MR in some patients). Therefore, such chronic 
remodeling is unlikely to be responsible for all of the 
reduction in MR that we noted in patients examined an 
average of <2 months after aortic valve replacement. 

Left ventricular systolic function was normal in most 
patients. Preoperatively, the ejection fraction was below 
normal in only 7 patients (16%) and the left ventricular 
diastolic dimension was increased in only 6 patients 
(14%). These subgroups are too small to draw valid con- 
clusions regarding the effects of left ventricular function 
on MR. 

There are several possible limitations of this retro- 
spective study. First, Doppler techniques do not mea- 
sure regurgitant volumes; rather, they show the distri- 
bution of abnormal flow velocities. Since loading condi- 
tions may vary in a given patient, this may affect the 
Doppler assessment of MR. In addition, we do not have 
invasive correlations for the degrees of valvular insuffi- 
ciency, which are not available routinely in postopera- 
tive patients. However, it has been previously shown 
that there is a good correlation between Doppler estima- 


excellent result with aortic valve replacement alone and 
that concomitant mitral valve surgery should not be 
necessary in most of these patients. 
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The Natural and “Unnatural” History 
of Congenitally Corrected Transposition 


Ulla Lundstrom, MD, Catherine Bull, MRCP, Richard K.H. Wyse, PhD, 
and Jane Somerville, FRCP 


The data available on 111 patients with congenital- 


ly corrected transposition and 2 adequate ventri- 
cles managed over the 20-year period to 1988 
were reviewed retrospectively. The ages of survi- 
vors ranged from 1 to 58 years (median 20) and all 
but 10 had additional anatomic abnormalities. Tri- 
cuspid valve abnormalities were more prevalent in 
patients symptomatic with heart failure (26 of 43 
patients) than those whose main problem was cya- 
nosis (11 of 52 patients); all dysplastic or Ebstein 
valves were at least moderately incompetent. Intra- 
cardiac repair of the lesion was attempted in 51 
patients with 11 early deaths; in multivariate mod- 
els, the risk factors for early death or a bad early 
outcome or poor result 6 months later related to 
poor preoperative symptomatic status (especially 
from heart failure), impaired right ventricular func- 
tion, heart block and younger age at surgery. Pa- 
tients with more than mild preoperative tricuspid 
regurgitation whose valves were not replaced did 
very poorly. Thus, patients symptomatic from heart 
failure should probably be repaired early in the nat- 
ural history of the disease, before the systemic 
right ventricles dilate. By contrast, the course of 
patients who were predominantly cyanosed was 
more stable in early childhood and their surgical 
outcome was less compromised by poor preopera- 
tive symptomatic status; their intracardiac repair 
can probably be delayed until symptoms become 
unacceptable. 

(Am J Cardiol 1990;65:1222- 1229) 
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of a cardiac defect in which differences in no- 

menclature can become a source of serious mis- 
understanding.! The essence of “corrected transposi- 
tion" is the combination of atrioventricular and ventric- 
uloarterial discordance. Ventricles and atrioventricular 
valves are named according to their morphology; thus, 
in this condition the right ventricle is the systemic ven- 
tricle and the tricuspid valve is the systemic or “left” 
atrioventricular valve (Figure 1). 

The strategies for the surgical management of pa- 
tients with corrected transposition may differ from 
those of patients with normal connections and the same 
hemodynamics.? There are several reasons for this: the 
complications of heart block,? systemic ventricular dys- 
function and progressive incompetence of the systemic 
atrioventricular valve occur spontaneously as the years 
advance but unfortunately can also be induced or exac- 
erbated by surgery.^ Intracardiac repair may demand 
insertion of conduits, prosthetic valves, or both, so that 
such surgery is often delayed until an older age; thus, 
palliative extracardiac operations still have an impor- 
tant role. Finally, management choices are made more 
difficult because the condition is rare and our concep- 
tions of the natural and unnatural history rely on sparse 
studies.??6 

With the advantage of patients from 2 units dealing 
with congenital cardiac defects from the cradle to the 
grave, we set out to review our experience with correct- 
ed transposition, hoping particularly to help clinicians 
with 4 clinical dilemmas. (1) Are patients with cyanosis 
better served by a shunt or by intracardiac repair? 
(2) How should an abnormal systemic atrioventricular 
valve be managed during an intracardiac repair of other 
defects? (3) Should asymptomatic or barely symptom- 
atic patients be operated on? (4) Is there a subset of 
patients in whom the risk of conventional surgery is un- 
acceptably high, so that the patient may be better 
served by cardiac transplantation? 


(Css corrected transposition is an example 


METHODS 

This study is a retrospective review of 111 patients 
with congenitally corrected transposition and 2 ventri- 
cles of adequate size followed either at the Hospital for 
Sick Children or at the National Heart Hospital, Lon- 
don, or both, during the 20 years to 1988. For the pur- 
poses of this study we also included patients with double 
outlet right ventricle or pulmonary atresia in the setting 
of atrioventricular discordance. We included all patients 
meeting the above criteria whose records were available. 





We reviewed all available angiographic, echocardio- 
graphic, operation and postmortem reports. 

Natural and “unnatural” history: Based on clinical 
information from visits, each patient was given an “‘abil- 
ity index" from 1 to 4’ every 5 years as well as before 
and 6 months after each operation. Postoperatively, 
ability index 4 implied extreme limitation or the need 
for reoperation within 6 months. 

Although the patients all met morphologic selection 
criteria, their clinical course and management also de- 
pended on physiologic patterns. Thus, we distinguished 
patients in 3 broadly different categories: those who 
were asymptomatic on presentation, those who were cy- 
anosed, however trivially, or those who were in heart 
failure, however mildly. The course of these groups be- 
fore intracardiac repair, their perioperative mortality 
and postoperative survival are summarized. 

To establish the “natural history” of the well patient, 
we prepared actuarial curves to show survival of pa- 
tients within ability index 1 or 2 without intracardiac 
repair, but sometimes with palliative extracardiac ma- 
neuvers. Patients were “withdrawn alive” when last seen 
or at the time of intracardiac surgery if undergoing 
elective intracardiac repair from this relatively well sta- 
tus. Patients were “withdrawn dead” at death or when 
they fell into ability index 3 or 4. Curves were curtailed 
when they reflected data from <5 patients. 

The outcome of surgery was considered “bad” if the 
patient died within 1 month of surgery or if a second 
operation was required within 6 months or if the patient 
had an ability index of 3 or 4 at 6 months after opera- 
tion. 

TRICUSPID VALVE: The tricuspid valve was defined as 
"dysplastic" if the leaflets were thick and abnormal 
with or without shortened chordae, when observed on 
cross-sectional echocardiography, surgery or autopsy. It 
was considered “Ebstein” if there was additional down- 
ward displacement of the septal and mural leaflets at 
echocardiography, surgery or autopsy.® 

The competence of the tricuspid valve was assessed 
by right ventricular angiography. (All patients had un- 
dergone right ventricular angiography before intracardi- 
ac surgery, though only 35 of 51 angiograms were still 
available for review; in an additional 5 patients there 
was a reliable report on the tricuspid valve regurgita- 
tion.) Tricuspid regurgitation was considered trivial 
(1/4) if the dye cleared with each beat and never filled 
the entire left atrium, mild (2/4) if it opacified the en- 
tire left atrium faintly after several beats, moderate 
(3/4) if the left atrium was completely opacified and 
achieved equal opacification with the right ventricle and 
severe (4/4) if opacification of the entire left atrium 
occurred with 1 beat and became more dense with each 
beat and there was reflux of contrast into the pulmo- 
nary veins.’ Function of the right ventricle was judged 
from angiography and graded good, moderate or bad. 

RISK FACTOR ANALYSIS: Using multivariate analysis, 
we examined the impact of physiology, symptoms, pre- 
vious palliation, preoperative or surgical heart block, 
morphology and competence of the tricuspid valve and 
function of the right ventricle on the outcome with and 


TABLE I Variables Examined in Risk Factor Analysis 


Age at operation 
Date of operation 
Previous palliation 
Ability index preoperatively (1—4) 
(1, 2-3, 4) 
Preoperative heart block 
Surgical heart block 
Any heart block 
TV morphology (normal vs dysplastic, straddling, Ebstein) 
TV regurgitation (0-1 /4 vs 2-4/4) 
TV status (normal and competent vs dysplastic or normal but 
regurgitant 2-4/4) 
Morphologic RV function (good, moderate, bad) 
(good vs moderate or bad) 
Heart failure hemodynamics 


RV = right ventricular; TV = tricuspid valve. 


without intracardiac repair. Risk factors examined are 
listed in Table I. 

The date of the first electrocardiogram with com- 
plete heart block present was considered the date of es- 
tablishment of the heart block. If heart block occurred 
first within 30 days of surgery, it was considered to have 
been induced by surgery. 


RESULTS 

Review: ANATOMY: All but 10 patients had associ- 
ated anomalies (Table IT). 

STATUS: Of the 111 presenting, 26 patients had died 
by 1988. Patients were then at various stages in the nat- 
ural and unnatural history of their condition (Figure 2). 
The survivors ranged from 1 to 58 years of age (median 
20 years) in 1988. 
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FIGURE 1. Congenitally corrected transposition. Ao = aorta; 
LA = left atrium; LV = left ventricle; PA = pulmonary artery; 
RA = right atrium; RV = right ventricle. 
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None 
Ventricular septal defect 
Pulmonary stenosis 
Valvular 
Subvalvular 
Atresia 
Tricuspid valve abnormality 
Ebstein 
Dysplastic 
Straddling 
Atrial septal defect 
Double outlet right ventricle 
Criss-cross arrangement 
Coarctation of the aorta 
Subaortic stenosis 
Atrioventricular septal defect 
Total anomalous pulmonary venous drainage 
Partial anomalous pulmonary venous drainage 
Persistent ductus arteriosus 





PHYSIOLOGY: Sixteen patients were asymptomatic on 
presentation, 52 were cyanosed and 43 were in heart 
failure (Figure 3). The 52 patients who were cyanosed 
at presentation all had a ventricular septal defect and 
pulmonary stenosis with a right-to-left shunt at the ven- 
tricular level. The 43 patients with heart failure either 
had a left-to-right shunt through a ventricular septal de- 
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fect or an abnormal tricuspid valve, or both. Ventricular 
septal defect was rarely isolated, often being associated 
with mild subpulmonary stenosis. In the asymptomatic 
group, 10 had no associated lesion and 6 had pulmonary 
stenosis, 1 with an additional persistent ductus arterio- 
sus. 

TRICUSPID REGURGITATION: The prevalence of tricus- 
pid valve anomalies was not uniform within these physi- 
ologic groups. The tricuspid valve was considered ab- 
normal in 37 patients, straddling in 10, dysplastic in 9 
and Ebstein in 18 patients. Where data were available, 
the normal valves were competent or only trivially in- 
competent in 83%, mildly regurgitant in 13% and, at the 
most, moderately regurgitant in 1 patient who had se- 
vere right ventricular dysfunction. All dysplastic or 
Ebstein valves were at least mildly regurgitant (2/4) 
and more often moderately or severely regurgitant pre- 
operatively. 

When the preoperative right ventricular dysfunction 
was moderate or severe, the tricuspid valve was compe- 
tent in only 2 of 9 cases, and the remainder had at least 
moderate incompetence. 

Course before intracardiac repair: Sixteen patients 
are unlikely ever to need intracardiac surgery by virtue 
of trivial or absent associated lesions. Most of a further 
23 are as yet unoperated but will probably require re- 
pair. Of this group for whom future surgery was con- 


definitive repair 


palliated 


FIGURE 2. Status of the 111 patients at 
review in January 1988. 
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FIGURE 3. Patients grouped according to 
physiology. PS = pulmonary stenosis; TV 
= tricuspid valve; VSD = ventricular septal 
defect. 


VSD+PS (52) VSD(14) TV abnormal 
only (5) 





templated, 3 died in early childhood, 1 suddenly and 2 
of infection. 

The range and mortality of the extracardiac opera- 
tions are listed in Table III. The survival within ability 
index 1 or 2 without intracardiac repair is shown in Fig- 
ure 4. At the age of 5 years, 90% of the cyanotic group 
were still within ability index 1 to 2, either unoperated 
or having had only a shunt. Tricuspid valve problems 
accounted for a few patients becoming symptomatic un- 
der 2 years of age. Patients with heart failure generally 
became more symptomatic earlier, especially if there 
was a tricuspid valve problem. If there was a tricuspid 
valve abnormality or incompetence at the time of diag- 
nosis, the percentage of patients within index 3 or 4 was 
already 18% during infancy and 30% by 5 years. 

OLDER UNREPAIRED PATIENTS: Twenty-two patients 
followed currently are over the age of 20, 2 palliated 
with shunts and 20 without any surgery other than pac- 
ing. All are in ability index 1 or 2. Three women be- 
came pregnant; all were in their twenties with the com- 
bination of ventricular septal defect and pulmonary ste- 
nosis but uncorrected. Four healthy babies were born 
uneventfully and there was 1 first trimester miscarriage. 

intracardiac repair: Fifty-one patients have under- 
gone intracardiac repair to date (Table IV). 

RISK FACTOR ANALYSIS: The influence of preoperative 
ability index on early postoperative mortality is shown 
in Figure 5 for patients in the 3 physiologic groups. Pa- 
tients who were very symptomatic from heart failure 
had a poor outlook, only 2 of 11 having a good result 6 
months after surgery. Preoperative symptomatic status 
had less influence on outcome in the cyanotic patients. 

Multivariate analysis of risk factors for early death, 
poor early postoperative result or bad result at 6 months 
is listed in Table V, which underlines the risks to the 
very symptomatic patient with heart failure. 

MANAGEMENT OF THE TRICUSPID VALVE IN FIRST INTRA- 
CARDIAC REPAIR: In 44 of 51 patients undergoing intra- 
cardiac repair, adequate estimates of preoperative tri- 


Y cuspid valve competence were available (Figure 6). 


survival 


Early 
Mortality 
% 


Repair coarctation 

Ligation persistent ductus 

Banding of pulmonary artery 

First systemic-pulmonary 
shunt 

Second shunt 


Three types of tricuspid valves were not replaced. 

(1) Competent or trivially incompetent tricuspid 
valves—the valve was preoperatively competent or only 
trivially regurgitant in 25 patients; all the valves in this 
group were of normal morphology. A bad surgical out- 
come was seen in 5 patients. One died 6 days after oper- 
ation because of sepsis related to a pacemaker. The oth- 
er 4 had bad right ventricular function after operation, 
3 dying of heart failure. However, the tricuspid valve is 
known to have remained competent in 3 and was only 
mildly regurgitant in 1 during the early postoperative 
course. Three had been thought to have good ventricu- 
lar function preoperatively. 

(2) Mildly regurgitant tricuspid valves—7 patients 
with mild (2/4) preoperative regurgitation of the tricus- 
pid valve did not have the valve replaced in the first 
intracardiac operation. Their outcome was significantly 
worse than for the group with trivial or no regurgitation 
(p <0.001) as only 1 patient was in ability index 1 to 2 
after the operation. Four others died 1 day, 5 days, 5 
days and 4 years after operation, respectively, in heart 
failure with severe tricuspid valve incompetence; a fur- 
ther patient had the tricuspid valve replaced in a second 
operation. 

(3) Moderately regurgitant tricuspid valves—1 pa- 
tient with moderate preoperative tricuspid valve regur- 
gitation (grade 3/4) did not have primary valve replace- 
ment; he required replacement of the valve 3 months 


++ nolesion, PDA, PS 
-9- acyanotic 
=- cyanotic 


qo years 





FIGURE 4. Actuarial survival within ability index 1 or 2 without intracardiac operation. The numbers of patients in each of the 
groups (no lesion, acyanotic and cyanotic) on whom the calculations are based are noted at the bottom. Actuarial curves are 
curtailed when «5 patients are followed. PDA = patent ductus arteriosus; PS = pulmonary stenosis. 
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TABLE IV First Intracardiac Operations 


% 
Early 
Mortality 


VSD closure alone 
VSD + TV replacement 
or reconstruction 
TV replacement or 
reconstruction 
VSD + LV-PA conduit 
VSD + pulmonary valvotomy 
VSD + subpulmonary 
resection 
VSD + TV replacement + 
pulmonary valvotomy 
VSD + LV-PA conduit + 
TV replacement 
Subpulmonary resection only 
Pulmonary valvotomy only 
LV-PA conduit only 


LV = left ventricle; PA = pulmonary artery; TV = tricuspid valve; VSD = ventricular 
septal defect. 


later because of increasing heart failure and severe re- 
gurgitation. 

The tricuspid valve was replaced (9) or reconstruct- 
ed (2) in 11 patients altogether. One of these valves was 
morphologically normal, 2 were dysplastic and 8 were 
Ebstein. Seven patients survived. 

Heart block: Heart block has been observed in 35 of 
111 patients to date; 14 were related to surgery. Sponta- 
neous heart block was documented in 21 patients; it was 
first noted at birth in 4, later in infancy in a further 2 
and before the age of 10 years in all but 1 other who 
presented at the age of 37 years but had never been seen 
in sinus rhythm. Of the 15 who have not undergone 
intracardiac repair, 3 are paced. Of the 6 who have had 
intracardiac surgery, 2 were paced preoperatively and 
all postoperatively. 


HEART FAILURE CYANOSIS 


ABILITY 
6M POSTOP 


PREOP 
ABILITY 


PREOP 
ABILITY 


ABILITY 
6M POSTOP 
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PREOP 
ABILITY 





After intracardiac repair: Actuarial survival within 
ability index 1 to 2 without reoperation for patients who 
had preoperative ability indexes 1 to 2 and 3 to 4 are 
contrasted for both the cyanosed and heart failure 
groups (Figure 7). 

Reoperations are listed in Table VI. 


DISCUSSION 

Although a physiologically diverse group, patients 
with congenitally corrected transposition have in com- 
mon the anatomic rarity of atrioventricular and ventric- 
uloarterial discordance with a right ventricle and tricus- 
pid valve supporting the systemic circulation. 

As in other contexts, surgery may be indicated either 
because of unacceptable symptoms or as an investment 
for the patient’s future. Consideration of postoperative 
survival is unacceptable as sole criterion for decision- 
making; data relating to quality of life are important. 

Cyanosed patients: All our patients in this group 
had the combination of ventricular septal defect and 
pulmonary stenosis or atresia with “Fallot hemodynam- 
ics”; such patients can usually be palliated with a sys- 
temic-to-pulmonary shunt (no perioperative mortality) 
or by an intracardiac repair, a higher-risk operation that 
often requires insertion of a conduit. Review of our data 
suggests that, at least for the first 10 years of life, most 
patients can be kept reasonably well—in ability index 1 
or 2—if managed conservatively or with only a system- 
ic-pulmonary shunt (19 of 29 patients undergoing intra- 
cardiac repair had required at least 1 previous shunt). 
Compared to tetralogy of Fallot, the absence of progres- 
sive infundibular obstruction in the corrected transposi- 
tion setting!" may account for the fairly stable long- 
term course of the patients. It is possible that this well- 
being could have been maintained longer, but evidence 
is difficult to produce in the face of our inclination to 
attempt repair as symptoms gradually progress in the 


PS ONLY 


ABILITY 
6M POSTOP 


FIGURE 5. Outcome 6 months after intra- 
cardiac repair related to preoperative 
(PREOP) ability index. Postoperative 
(POSTOP) ability index 4 includes all pa- 
tients who required a second open heart 
procedure within 6 months of the first. 

M = months; PS = pulmonary stenosis. 






older patients. Poor preoperative symptomatic status 
(index 3 or 4) of these patients did not appear to preju- 
dice immediate mortality, the status 6 months after op- 
eration or late survival within index 1 or 2. The implica- 
tion for management must be that the increase in the 
patients symptoms can be allowed to determine the 
timing of operation. 

Heart failure patients: These patients could have a 
ventricular septal defect, an intrinsically abnormal tri- 
cuspid valve, or both, and several had an element of 


patients 


FIGURE 6. Surgical management of the 
tricuspid valve. Outcome of intracardiac 
repair related to severity of preoperative 
tricuspid regurgitation (42 patients). TR = 
oer regurgitation; TV = tricuspid 
valve. 


TR 0-1/4 TR 2/4 


FIGURE 7. Actuarial survival within ability 
index 1 or 2 after first intracardiac repair, 
related to preoperative ability index. 





pulmonary valve stenosis, insufficient to produce right- 
to-left shunting. In common they have a volume over- 
loaded systemic right ventricle. The proportion of acya- 


notic patients who are well without intracardiac repair — 


at 10 years was comparable to the cyanosed group, 
though in most of the acyanotic patients this was be- 
cause of inherently “well-balanced” hemodynamics, 
rather than palliative surgery. In contrast to the cya- 
nosed group, however, poor preoperative symptomatic 
status seemed to prejudice perioperative mortality, sta- 


TR 3/4 TV replaced 
[] good outcome 


bad outcome - death 
or TV replacement within 6 months 


or post op ability index 3 or 4 


Cyanosed group 


+ Ability 1,2 
> Ability 3,4 


Acyanotic group 


+ Ability 1,2 
Ability 3,4 
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For early death (51 patients, p «0.005 for model) 
Preoperative heart block 
Younger age at surgery 


For bad early outcome (p «0.0005 for model) 
Moderate or bad right ventricular 
function preoperatively 
Preoperative heart block 
Heart failure hemodynamics 
For bad result at six months (p «0.005 for model) 
Preoperative ability index 
Heart failure hemodynamics 





First TV replacement 
Second TV replacement 
First replacement of LV-PA conduit 


Second TV replacement + conduit replacement 
TV replacement + reclosure of VSD 

VSD + LV-PA conduit 

Heart and lung transplant 


LV = left ventricle; PA = pulmonary artery; TV = tricuspid valve; VSD = ventricular 
septal defect. 





tus at 6 months and late survival within ability index 1 
or 2. The implication for the physician must be that the 
patients must not be allowed to deteriorate too much 
before repair is contemplated. 

Thus, as a group, our patients with heart failure he- 
modynamics fared much worse than the cyanosed pa- 
tients at intracardiac repair and a strategy for avoiding 
the disappointing results must be considered. 

Operative decisions: VENTRICULAR SEPTAL DEFECT 
CLOSURE OR BANDING? Heart failure demanding surgery 
in infancy has been uncommon in our experience (9 of 
111 patients). Three infants died before operation and 6 
were banded. Banding rather than intracardiac repair 
can often be justified in this context because the techni- 
cal difficulties of closing the often inaccessible ventricu- 
lar septal defect while avoiding the conduction system 
are exaggerated in a small heart. Moreover, the “band- 
ed ventricle” is a left ventricle that can be expected to 
tolerate the pressure load well.!! It may be justifiable to 
recommend banding rather than accepting a barely 
thriving patient with a moderately elevated pulmonary 
artery pressure or large shunt—a situation that might 
be supervised conservatively in ventricular septal defect 
with normal connections. 

MANAGEMENT OF THE ABNORMAL OR INCOMPETENT TRI- 
CUSPID VALVE: Serious deterioration in tricuspid valve 
competence early postoperatively has been noted in oth- 
er surgical reviews. Competence of either atrioventricu- 
lar valve depends on the structural integrity of the leaf- 
lets and on the diameter of the valve anulus. In the con- 
text of corrected transposition, the tricuspid valve may 
be intrinsically abnormal (as in one-third of the overall 
group) or the valve ring may be dilated due to ventricu- 
lar volume overload (e.g., related to a ventricular septal 
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defect) or to myocardial dysfunction. Increasing valvar 
regurgitation causing increasing volume overload, anu- 
lar dilatation and further regurgitation constitutes a vi- 
cious circle of dysfunction, more exaggerated if the sys- 
temic atrioventricular valve is morphologically tricus- 
pid, as in this context. The degree of ventricular 
dysfunction seen early after cardiopulmonary bypass 
may be sufficient to exacerbate tricuspid regurgitation 
that had been tolerable preoperatively. Five of 7 pa- 
tients with tricuspid regurgitation graded mild preoper- 
atively (grade 2/4), and in whom the valve was un- 
touched in the initial repair, fared very poorly because 
of severe postoperative tricuspid regurgitation that 
caused the patients' deaths in 4. The alternative strategy 
of electively replacing incompetent tricuspid valves was 
relatively well tolerated, with 7 of 11 patients surviving 
surgery. In our series, all dysplastic or Ebstein valves 
were at least mildly regurgitant (grade 2/4); only ex- 
ceptionally is the valve amenable to repair. Thus, tricus- 
pid valve replacement as part of the intracardiac opera- 
tion should be seriously considered, even if the valve 
competence seems “good enough” in the preoperative 
hemodynamic context. 

TIMING OF INTERVENTION: Risk factors for death at in- 
tracardiac repair, for poor ability index at 6 months and 
for a poor late result include preoperative heart block 
(whether paced or not), younger age at operation, poor 
right ventricular function and “heart failure hemody- 
namics." These features have in common an association 
with a dilated systemic ventricle. Their poor outcome 
may relate to the same vicious circle of tricuspid regur- 
gitation associated with anular dilatation postulated to 
account for postoperative morbidity and mortality in 
patients with mild preoperative tricuspid regurgitation. 
If this is the case, management strategies for patients 
with congenitally corrected transposition must focus on 
maintenance of a small systemic ventricle—by early 
pacing of patients with heart block, by avoiding too 
large a systemic-pulmonary shunt when palliating 
young cyanotic patients and especially by early surgery 
in patients with a significant left-to-right shunt through 
a ventricular septal defect or important tricuspid regur- 
gitation. 

Clinical dilemmas: (1) Patients troubled by cyanosis 
can often be offered either a shunt or intracardiac re- 
pair. Because their perioperative mortality or longer- 
term outlook does not seem to be prejudiced by severe 
symptoms, intracardiac surgery can probably be de- 
layed until symptoms become unacceptable. We do not 
have data to help the clinician facing the dilemma of 
complete repair versus palliative shunt. (2) Tricuspid 
valves that are mildly or more incompetent (grade 2/4 
or worse) should probably be electively replaced during 
the course of an intracardiac repair. This will include all 
valves that are thought to be dysplastic or Ebstein. 
(3) Serious consideration should be given to operating 
on asymptomatic or barely symptomatic patients with a 
large heart due to dilatation of the systemic right ventri- 
cle related to a ventricular septal defect, tricuspid regur- 
gitation, or both. These patients should fare better if 
operated on early in the natural history of their disease. 








- (4) Patients with heart failure and an ability index of 3 


or 4 preoperatively do very badly; only 2 of 11 of our 
patients had a good early postoperative result and the 
survivors fared poorly later. Some of these patients may 
be better served by a cardiac transplant. 


Acknowledgment: We appreciate the help of Sue 
Stone and Cynthia Payne, who assisted with data man- 
agement. 
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Two-Dimensional and Doppler Echocardiographic 
and Pathologic Characteristics of the Infantile 





Marfan Syndrome 


Tal Geva, MD, Stephen P. Sanders, MD, Maria S. Diogenes, MD, Sol Rockenmacher, MD, 
and Richard Van Praagh, MD 


Since the clinical, 2-dimensional and Doppler echo- 


cardiographic and pathologic findings in infantile 
Marfan syndrome have not been documented in de- 
tail, a study of 9 such infants was performed. The 
previously reported 64 cases were reviewed and 
the salient findings in 22 additional cases were dis- 
cussed. The age at diagnosis in our 9 cases ranged 
from birth to 12 months (mean 2.7 months). Mitral 
valve prolapse was demonstrated in all, with mitral 
regurgitation in 8. Tricuspid valve prolapse was 
present in 8, with tricuspid regurgitation in 6. 
Marked aortic root dilatation was present in all, 
and was progressive. The aortic root assumed a 
**clover leaf” appearance in the parasternal short- 
axis view. Aortic regurgitation was documented ini- 
tially in 1 patient, and developed during follow-up 
in 4 of 7 infants. Dilatation of the pulmonary arteri- 
al root and pulmonary regurgitation were found in 
3 of 7 infants. Severe heart failure associated with 
mitral or tricuspid regurgitation was present in 7 of 
the 9 patients. Four infants died during the first 
year of life. The salient pathologic features were 
myxomatous thickening and redundancy of the mi- 
tral and tricuspid leaflets, marked elongation of 
chordae tendineae and prominent dilatation of the 
aortic and pulmonary roots. Histologically, the col- 
lagen and elastic fibers were severely disrupted, 
disarrayed and fragmented with increased intersti- 
tial ground substance. 

These data document that infantile Marfan syn- 
drome is characterized by clinical and morphologic 
features that are distinctly different from the clas- 
sic syndrome seen in adolescents and adults. The 
aforementioned findings should facilitate early clini- 
cal and echocardiographic diagnosis of infantile 
Marfan syndrome. 

(Am J Cardiol 1990;65:1230-1237) 
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syndrome are the primary cause of death in 87 to 

95% of cases.'* The clinical features are com- 
monly recognized during the second and third decades 
of life, with an average age at death of 32 to 35 years.?? 
Dissection or rupture of the aorta accounts for most of 
the fatalities in adolescents and adults with the Marfan 
syndrome.?^? In younger children, mitral valve prolapse 
and regurgitation appear to be more important causes 
of morbidity and mortality.^?^ Marfan syndrome is rare- 
ly diagnosed during the first year of life or in utero.® 
The clinical course, the anatomic and histologic findings 
and the echocardiographic features of infantile Marfan 
syndrome have been described only in case reports.^-^! 
The data from these studies suggest that the morpho- 
logic characteristics and prognosis in infantile Marfan 
syndrome may be quite different from those reported in 
older patients.’ To enhance our understanding and fa- 
cilitate early diagnosis of infantile Marfan syndrome, 
we studied the clinical, 2-dimensional echocardiograph- 
ic and pathologic features in 9 such patients and re- 
viewed 86 previously reported cases diagnosed during 
the first year of life.^-^! 


Ts cardiovascular complications in the Marfan 


METHODS 

Patients: Nine infants who were diagnosed as hav- 
ing Marfan syndrome during the first year of life form — 
the basis of this report. All patients were studied at The 
Children’s Hospital, Boston, Massachusetts, between 
October 1958 and April 30, 1989; 7 patients were stud- 
ied after October 1978, when 2-dimensional echocardi- 
ography became available. 

The diagnosis of Marfan syndrome was made ac- 
cording to the clinical criteria suggested by Pyeritz and 
McKusick.? Briefly, the diagnosis was made when 2 of 
the following 4 criteria were met: (1) characteristic 
musculoskeletal abnormalities, including scoliosis, pec- 
tus deformity, arachnodactyly, hyperflexible joints with 
or without contractures and excessive height with arm 
span greater than height; (2) lens dislocation with or 
without myopia; (3) cardiovascular involvement with 
aortic dilatation, mitral or tricuspid valve prolapse with 
or without regurgitation and (4) family history of Mar- 
fan syndrome. Each patient underwent a formal genetic 
and orthopedic evaluation. An ophthalmologic examina- 
tion was performed in 7 of the 9 patients (2 patients 
died before the examination). Cardiac evaluation in- 
cluded physical examination, electrocardiogram, chest 
radiograms, 2-dimensional echocardiography (7 pa- 


Age at Duration 
Diagnosis of Follow- 
(mos) Up (mos) 


l M 
2 M 
3 F 
4 M 
5 F 
6 M 
7 M 
8 F 
9 F 


Weight (kg) 
(percentile) 


Height (cm) 
(percentile) 


Skeletal Ocular 
Features Features 


12.75 (30) 
6.9 (25) 

17 (<3) 

21.5(10) 
8.9 (<3) 
2.4 (<3) 
5.2 (<3) 
8.9 (50) 
4.9 (<3) 


97 (95) 

70 (97) 
136 (75) 
133 (97) 

89 (80) 

91 (50-75) 

74 (75) 

71(90) 

74 (50) 


A = arachnodactyly; C = contractures; D = dolichocephaly; E = ectopia lentis; H = high arched palate; J = joint hyperelasticity; K = kyphoscoliosis; M = myopia; P = pectus exca- 


vatum; O = negative or absent; — = not available. 


tients) and cardiac catheterization (3 patients). Patients 
2, 5 and 6 were also included in another still unpub- 
lished multicenter study." 

Follow-up: Eight infants were followed by repeated 
clinical and echocardiographic evaluations. One patient 
died at 2 days of age. Duration of follow-up ranged be- 
tween 10 and 103 months (mean 41). 

Echocardiographic examination: The 2-dimensional 
examination was performed using an ATL Mark 600 or 
a Hewlett-Packard 77020 cardiac imager equipped with 
a 3.0-, 3.5- or 5.0- MHz transducer focused appropriate- 
ly for the size of the patient. In each case a complete 
examination was performed, including subxiphoid, api- 
cal, parasternal and suprasternal views. Aortic root di- 
mensions were measured in the parasternal long-axis 
view at the level of the sinuses of Valsalva and plotted 
as a linear function of body surface area, with normal 
values defined as those falling within 2 standard devi- 
ations of the mean for normal infants and children de- 
scribed by Ichida et al.*? The aortic valve anular diame- 
ter (defined as the distance between the junction of the 
aortic valve leaflets and the base of the sinuses of Val- 
salva) was measured in the parasternal long-axis view in 
midsystole. The presence of mitral, aortic or tricuspid 
valve prolapse on 2-dimensional echocardiography was 
determined using previously published criteria.^^^ 
Pulsed Doppler echocardiography was used to detect 
and grade valvar regurgitation. Apical 4-chamber and 
parasternal long-axis views were used to evaluate the 
atrioventricular valves. The sample volume was placed 
on the atrial side of the valve and the supravalvar area 
was mapped. Regurgitation was diagnosed if a holosys- 
tolic high velocity flow signal was detected. If regurgita- 
tion was observed, it was graded by estimating the area 
over which the regurgitant signal could be detected. Ap- 
ical 2-chamber or parasternal short-axis views were 
used for evaluation of the semilunar valves. Regurgita- 
tion was diagnosed if a pandiastolic high velocity flow 
signal was detected on the ventricular side of the valve. 
The severity was graded by mapping the area over 
which the regurgitant jet could be detected. Doppler 
color flow mapping was used in all studies performed 
after January 1987 (6 patients). 

Pathology: A detailed study of the pathologic anato- 
my of 4 heart specimens from the Cardiac Registry of 





The Children's Hospital, Boston, was undertaken. We 
focused particular attention on the morphology of the 
atrioventricular and semilunar valves, the great artery 
dimensions and gross evidence of valvular incompe- 
tence. Sections for histologic study were obtained from 
both atrial and ventricular myocardium, the mitral and 
tricuspid valves, the semilunar valves, the aortic sinuses 
of Valsalva, the ascending aorta, the aortic arch, the 
descending aorta and the main pulmonary artery. Cor- 
responding sections were also taken from age-matched 
control heart specimens without heart disease. All sec- 
tions were stained with hematoxylin and eosin, Go- 
mori's 1-step trichrome stain for collagen and Verhoeff- 
Van Gieson stain for elastic fibers.*° 


RESULTS 

Clinical characteristics: There were 5 boys and 4 
girls. The age at diagnosis ranged from birth to 12 
months; the mean was 2.7 months (Table I). Five pa- 
tients were diagnosed at birth. The family history was 
negative in all. The characteristic musculoskeletal ab- 
normalities were apparent in all. All patients were ex- 
cessively long relative to weight, with prominent arach- 
nodactyly and high-arched palate. Other features in- 
cluded pectus excavatum with kyphoscoliosis (in 7), 
flexion contractures (in 6) and hyperflexible joints (in 
4). Dolichocephaly was less common (in 2 patients 
only). Six patients had ocular abnormalities: ectopia 
lentis in 3, myopia in 2 (with megalocornea in 1) and 
both myopia and ectopia lentis in 1 patient. Additional 
clinical findings included congenitally dislocated hips 
(3), inguinal hernias (2), calcaneus valgus (2), pulmo- 
nary lobular emphysema (2), obstructive lung disease 
secondary to severe kyphoscoliosis (1) and an “old- 
man” appearance due to sunken eyes and “crumpled” 
ears (2 patients). 

Cardiovascular characteristics: Seven infants un- 
derwent 2-dimensional and Doppler echocardiographic 
study; of these, 6 had Doppler color flow mapping. 
Three patients underwent cardiac catheterization (Ta- 
ble II). 

The mitral valve was abnormal in all (Figures 1A 
and 3A, Table II). Mitral valve prolapse was present at 
initial examination in all; it was mild in 2, moderate in 3 
and severe in 4 patients. The salient 2-dimensional 
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* not studied; ! postmortem measurements. 


moderate; +++ = severe. 


echocardiographic features of mitral valve prolapse in 
our patients were holosystolic prolapse associated with 
markedly elongated and redundant chordae tendineae 
and redundant valve leaflets herniating toward the left 
atrium during ventricular systole. Mitral regurgitation 
was documented during initial evaluation in 8 of 9 pa- 
tients; it was mild in 2, moderate in 3 and severe in 3 
patients. Mitral valve function deteriorated during fol- 
low-up in 7 patients with worsening of the prolapse and 
regurgitation. Mitral valve replacement was performed 
in 2 patients, at 10 months and 2 years of age. The 
former patient died 2 days after surgery and the latter 
patient is asymptomatic 2 years after the operation. 
The tricuspid valve was abnormal in all patients 
(Figures 1C and 3C, Table IT). Tricuspid valve prolapse 
was present during initial evaluation in 8 infants. It was 


right ventricle. 
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Age (mos) 12 0 50 6 80 12 90 O 28 0 1.5 9 9 

BSA (m?) 0.49 0.2 0.75 0.58 0.78 0.49 094 0.21 05 021 — — — 

Diagnostic technique 2-DDE 2-DDE 2-DDE 2-DDE 2-DDE 2-DDE 2-DDE 2-DDE 2-DDE 2-DDE 2DE+cath Cath Cath 

MVP + TT +++ T Prosthetic + FET TT FFF TE TET FF +++ 

valve 

MR 0 TT +--+ ++ 0 + +++ O-+ TTT +r rrr +++ +++ 

TVP t +++ +++ O0 +t + ++ Tet. TFE OEE GS T4 ++ 

TR 0 + + 0 + 0 + er T TT +—++ + T 

ARD (cm) 2.1 1.6 40. 26 4.3 24 48 13 3.0 1.55 Dilated Dilated Dilated 

Ao anulus diameter (cm) 1.12 08 2 1.2 2 1.1 2.3. "O75 2 0.75. $4! 1.05! 1.341 

ARD/Ao anulus 1.9 2 2 2.17 2.15 218. 208 14 15 207 — — — 
diameter ratio 

AR 0 0 + 0 t 0 0-+ O + O-+ O * * 

PR 


AR = aortic regurgitation; ARD = aortic root diameter; Cath = cardiac catheterization; | = initial examination; L = latest examination; MR = mitral regurgitation; MVP = mitral valve 
prolapse; PR = pulmonary regurgitation; TR = tricuspid regurgitation; TVP = tricuspid valve prolapse; 2-DDE = 2-dimensional-Doppler echocardiography; 0 = absent; + = mild; ++ = 





considered mild in 3, moderate in 2 and severe in 3 pa- 
tients. Tricuspid regurgitation was demonstrated in 6; it 
was mild in 2, moderate in 3 and severe in 1 patient. 
The 2-dimensional echocardiographic characteristics of 
the tricuspid valve involvement were similar to those ob- 
served in the mitral valve, i.e., elongation and redundan- 
cy of chordae tendineae with redundant leaflets herniat- 
ing into the right atrium (Figure 1C). During follow-up, 
tricuspid valve prolapse developed in patient 3 and pro- 
gressed in patient 4. New tricuspid regurgitation devel- 
oped in 2 cases (nos. 3 and 4). Thus, 8 patients eventu- 
ally had tricuspid regurgitation. In patient no. 5, the 
tricuspid regurgitation appeared to improve from severe 
to moderate during 28 months of follow-up. 

Aortic root dilatation >2 standard deviations above 
normal for infants and children was a characteristic and 


FIGURE 1. Two-dimensional echocardiographic characteristics of infantile Marfan 
syndrome. A, parasternal long-axis view in patient no. 2, showing dilated aortic 
sinuses of Valsalva and prolapse of the anterior leaflet of the mitral valve into the 
left atrium (LA). Note the redundant chordae tendineae and valve leaflets. 

B, parasternal short-axis view in patient 5 (at 1 day of age), showing the 
characteristic *clover leaf" appearance of the dilated aortic root, at the level of 
the sinuses of Valsalva. C, parasternal long-axis view with right angulation in 
patient 5 (at 1 day of age), showing tricuspid prolapse into the right atrium (RA). 
D, subxiphoid short-axis view in patient 6 (at 1 day of age), showing dilatation of 
the pulmonary root. Ao = aorta; LV = left ventricle; PA = pulmonary artery; RV = 


il 


prominent feature in all patients at initial examination 
(Figures 1A, 1B and 2, Table II). During the follow-up 
period, aortic root dimensions (standardized for body 
surface area) increased at an accelerated rate compared 
with aortic growth rate in normal children (Figure 2). 
In the parasternal long-axis view, the markedly dilated 
aortic root had an appearance of ectasia of the sinuses 
of Valsalva (Figure 1A). In the parasternal short-axis 
view, the dilated aortic root assumed a “clover leaf" ap- 
pearance (Figure 1B). The aortic valve anulus was only 
mildly enlarged. During initial evaluation, the ratio of 
the aortic root diameter (at the level of the sinuses of 
Valsalva) to the aortic valve anulus diameter ranged be- 
tween 1.7 and 2.18 (mean + standard deviation 2.0 + 
0.17) (Table IT). During the follow-up period, the aortic 
root diameter to aortic valve anulus diameter ratio re- 
mained the same in 2 patients, and slightly decreased in 
another 2 patients (Table II). Distal to the level of the 
sinuses of Valsalva, the ascending aortic diameter ta- 
pered off toward the aortic arch. During initial evalua- 
tion, pulsed Doppler and Doppler color flow mapping of 
the subaortic area showed trace to mild aortic regurgi- 
tation in 1 patient. During the follow-up period, trace to 
mild aortic regurgitation developed in an additional 4 
patients. 

The pulmonary valve and main pulmonary artery 
were involved in 2 patients. Pulmonary regurgitation 
and dilated main pulmonary artery were best demon- 
strated echocardiographically in the subxiphoid short- 
axis view (Figure 1D). 

Clinical follow-up: Eight patients were symptomatic 
at presentation or became so during follow-up. Patient 4 
had episodic chest pain and palpitations associated with 
premature ventricular contractions; they were treated 
with a @ blocker. The other 7 patients had congestive 
heart failure that responded to medical treatment in 2 
(patients 2 and 5). Patient 3 improved after successful 
mitral valve replacement at 2 years of age. The other 4 
patients died during infancy with intractable congestive 
heart failure; the ages at death were 2 days, 10 months 
(2 patients) and 11 months. 

Pathology: The gross pathologic findings in the 4 
autopsied cases were remarkably similar (Figure 3). 
The segmental combination?! was normal in all, that is, 
{S,D,S}. The right and the left atria were markedly di- 
lated, and both right and left ventricles were hypertro- 
phied and enlarged. The tensor apparatus of the mitral 
and tricuspid valves were characterized by thickened 
and markedly elongated chordae tendineae (Figure 3). 
The leaflet tissue was notable for myxomatous thicken- 
ing and marked redundancy with herniation of the leaf- 
lets toward the corresponding atrium, which, when 
viewed from the atrial aspect, had a “hemorrhoidal” ap- 
pearance. The leaflet margins were thickened and rolled 
and jet lesions were noted in both atria, consistent with 
mitral and tricuspid regurgitation. In patient no. 7, who 
underwent mitral valve replacement at 10 months of 
age, the prosthetic valve (no. 19 Hancock bioprosthesis) 
appeared to obstruct the left ventricular outflow tract. 

The aortic root was aneurysmally dilated at the si- 
nuses of Valsalva. The aortic valve anulus diameter was 


only mildly increased, and the aortic valve cusps were 
somewhat redundant. In only 1 case (no. 6) did the 
valve appear to be grossly incompetent; aortic regurgita- 
tion had been documented antemortem by Doppler col- 
or flow mapping in this patient. Distal to the dilated 
sinuses of Valsalva, the ascending aorta tapered so that 
the arch was of normal diameter. The coronary arteries 
had normal ostia and were unaffected. The main pul- 
monary artery was dilated proximally in 3 of 4 cases, 
and it tapered distally, similar to the ascending aorta. 
The pulmonary valve cusps were redundant, and in pa- 
tient 6 failed to coapt (pulmonary regurgitation had 


been documented echocardiographically). 


Additional postmortem findings included secundum 
type of atrial septal defect (cases 6 and 7), patent fora- 
men ovale (cases 8 and 9), double-orifice mitral valve 
with a small accessory orifice (2 mm in diameter) in the 


anterior leaflet (case 9, Figure 3A) and severe pulmo- 
nary emphysema (cases 7 and 9). 

Histologic study revealed abnormalities in the con- 
nective tissue elements of the heart with striking in- 


volvement of the valves and the proximal segments of 


the great arterial walls. The salient histologic features in 
the ascending aorta and main pulmonary artery were 
disruption, disarray and fragmentation of elastic fibers 
(Figure 4A). The aortic wall, at the level of the sinuses 
of Valsalva, was affected mostly with fewer, thinner and 
markedly fragmented elastic fibers, increased interfiber 
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FIGURE 2. Aortic root diameter in infantile Marfan syndrome. 
Two-dimensional echocardiographic aortic root dimension is 
plotted versus body surface area. The mean + 2 standard de- 
viations for aortic root dimension in normal infants and 
children (center) were reproduced with permission from 
ichida et al.43 
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spaces and accumulation of ground substance. These 
changes became progressively less prominent distally. 
At the level of the descending thoracic aorta the histo- 
logic morphology was nearly normal, with only slight 
fragmentation of elastic laminae. The aortic valve leaf- 
lets were only mildly affected with mild disruption 
of collagen fibers. The mitral and tricuspid valve leaf- 
lets were markedly involved (Figure 4B). The elastica 
(atrialis) in both atrioventricular valves was thickened 
(300 to 400 u, compared with 100 u in normal con- 
trols). The elastic fibers of the atrialis, usually sparse 
and organized in parallel, were numerous, thin, disrupt- 
ed and disarrayed with increased interfiber spaces and 
increased interstitial ground substance. The fibrosa 
(ventricularis) showed similar changes of the collagen 
fibers, that is, thinning, fragmentation and disarray 
with increased intercellular ground substance. The chor- 
dae tendineae, which are continuous with the fibrosa of 
the atrioventricular valves, showed the same abnormali- 
ties with marked fragmentation of collagen fibers. 
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DISCUSSION 

The original case report of Gabrielle P, a 5/5-year- 
old girl, by Marfan in 1896^5 describes in detail the 
characteristic musculoskeletal abnormalities that Mar- 
fan had termed dolichostenomelia. Interestingly, Mar- 
fan did not mention cardiovascular or ocular involve- 
ment in his patient, and later investigators have argued 
that this patient may actually have had congenital con- 
tractural arachnodactyly.*?°° Sixteen years later, the 
German pediatrician Salle described the first case with 
cardiac involvement.5 This patient died at 2/5 months of 
age with failure to thrive and progressive dyspnea. Au- 
topsy showed massive cardiac enlargement, with redun- 
dant and thickened mitral and tricuspid valve leaflets. 
This case appears not only to be the first report of car- 
diovascular involvement in the Marfan syndrome, but 
also the first documentation of the infantile type. Subse- 
quently, the published reports focused on the classic 
syndrome, with only few studies in the pediatric age 
group.^52? Infants under 1 year were reported as indi- 





FIGURE 3. Heart specimen of an 11-month-old patient (case 
9) who died with congestive heart failure. A, left ventricular 
view. Thickened, redundant valve leaflets herniate toward the 
left atrium (LA), giving rise to the “hemorrhoidal” appearance 
of the valve. Chordae tendineae are thickened, elongated and 
redundant. Note accessory orifice (Acc Orif) in anterior leaflet 
of mitral valve. Left atrium is markedly dilated and septum 
primum (Sept. 1°) is redundant. Left ventricle (LV) is enlarged 
and h ied with prominent anterolateral papillary mus- 
cle (ALPM), compared to the posteromedial papillary muscle 
(PMPM). B, left ventricular view showing markedly dilated 
aortic root (Ao Root) at sinuses of Valsalva. The ascending 
aortic diameter tapers distally. C, right ventricular view. Ante- 
rior leaflet (AL), septal leaflet (SL) and posterior leaflet (PL) of 
the tricuspid valve are thickened, redundant and protrude 
toward the markedly dilated right atrium. Chordae tendineae 
are elongated. Note redundancy of septum primum (Sept. 1°). 
CT = crista terminalis; LPV = left pulmonary veins; MV = 
mitral valve; RPV = right pulmonary veins; SVC = superior 
vena cava. 
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vidual case reports or were mentioned in series that in- 
cluded patients of various ages. 

We collected 64 published reports of patients who 
were diagnosed during the first year of life,^95-^! and 
an additional 22 cases from a yet unpublished multicen- 
ter clinical study.’ They are summarized in Table III. 
The data from our study and the published cases sug- 
gest that infantile Marfan syndrome is phenotypically 
and prognostically distinct from the classic syndrome in 
adolescents and adults. Table IV summarizes and con- 
trasts the salient differences between these 2 extremes 
of the clinical spectrum of Marfan syndrome. Whether 
there are genetic or biochemical differences between the 
infantile and the classic forms of the Marfan syndrome 
is unknown. Until the specific biochemical and genetic 
abnormality (or abnormalities) have been found, the di- 
agnosis must depend on clinical criteria.?^ 

Cardiovascular involvement: The data from our se- 
ries and the published cases suggest that prominent mi- 
tral and tricuspid valve involvement characterizes the 
infantile Marfan syndrome (Tables II through IV), and 
is associated with significant cardiovascular morbidity. 
Congestive heart failure was present in 7896 of the pres- 
ent series and 74% of previously reported cases (Table 
III). Mitral valve replacement was required in about 
20% of the cases in both series. The prevalence and se- 
verity of mitral valve regurgitation, and even more so of 
tricuspid valve regurgitation, are significantly less in 
older Marfan patients.242°!°2 Other studies that fo- 
cused on pediatric patients have shown a higher inci- 
dence and a greater severity of atrioventricular valve 
abnormalities.^??^ 

Marked dilatation of the aortic sinuses of Valsalva, a 
prominent feature of infantile Marfan syndrome is usu- 
ally present at birth and tends to progress at an acceler- 
ated rate compared with aortic root growth in normal 
infants and children (Figure 2). Aortic regurgitation, 
which is more common in older patients,?430.425? is rel- 
atively rare in infantile Marfan syndrome. Roman et 
al^? found that the ratio of aortic root diameter, at the 
level of the sinuses of Valsalva, to aortic valve anulus 
diameter was identical in normal children and adults: 
1.3 + 0.1. The higher ratio found in our patients during 
initial evaluation (mean + standard deviation 2.0 + 
0.17) was mostly due to aneurysmal dilatation of the 
sinuses of Valsalva with relative sparing of the aortic 
valve anulus (Figure 1A, Table II). Relative sparing of 
the aortic anulus may account for the infrequent occur- 
rence of aortic regurgitation during infancy. During fol- 
low-up, the aortic valve anulus tended to dilate in pro- 
portion to the dilatation of the sinuses of Valsalva, as 
reflected by the relatively unchanged ratio. This pro- 
gressive dilatation of the entire aortic root was associ- 
ated with the development of aortic regurgitation in 4 of 
6 of our patients who were followed by Doppler echo- 
cardiography. These data suggest that aortic regurgita- 
tion is a later complication that occurs when the pro- 
gressively dilating aortic root causes separation of the 
valve commissures and subsequent failure of coaptation 
of the valve leaflets. Pulmonary artery dilatation, mostly 
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TABLE Ill Summary of 86 Previously Published Cases with 
Infantile Marfan Syndrome^-^! 


Male /female ratio: 2/3 

Positive family history: 18/59 (30%) 

Mean age at diagnosis: 3.2 months (range birth to 12 months) 
Characteristic musculoskeletal involvement: 80/80 (100%) 
Ocular abnormalities: 53/64 (83%) 


Cardiovascular involvement 
Mitral valve 
MVP MR 

64/67 56/67 
(96%) (84%) 
Aorta 
ARD AR 

62/72 14/53 
(86%) (26%) 
Tricuspid valve 


Congestive heart failure: 39/53 (74%) 

Surgical intervention: 11/53 (21%) 

Mortality rate: 46/63 (73%) 

Mean age at death: 16.3 months (range birth to 14 years) 


PRD = pulmonary root dilatation; other abbreviations as in Table Il. 





at the pulmonary sinuses of Valsalva, is another typical 
finding in the infantile syndrome, rarely reported in old- 
er patients (Table IV). 

The characteristic 2-dimensional and Doppler echo- 
cardiographic features of infantile Marfan syndrome 
are most important in establishing the diagnosis and fol- 
lowing these patients. Evaluation of the mitral and tri- 
cuspid valves should focus on the chordae, anulus and 
leaflets. Doppler color flow mapping is highly sensitive 
for the detection of regurgitation. The aortic root should 
be followed carefully for the progression of aortic aneu- 
rysm, dissection or valvar incompetence. 

Prognosis: Marfan syndrome diagnosed during the 
first year of life appears to be associated with a poor 
prognosis (Table III). Nearly all the fatalities were re- 
lated to severe, intractable congestive heart failure asso- 
ciated with mitral or tricuspid regurgitation. Mitral 
valve replacement (in 22% of the patients) often re- 
sulted in mortality due to the patient’s young age and 
small size. The mean age at death in infantile Marfan 
syndrome was 1.4 years (Tables III and IV). In con- 
trast, the average age at death in the classic syndrome 
was 32 to 35 years, and most of the fatalities resulted 
from aortic dissection or rupture? (Table IV). Several 
factors may contribute to the poor prognosis of infantile 
Marfan syndrome. The very high rate of sporadic cases 
are thought to be new mutations? and are more severe- 
ly affected.^?7.^? The volume overload associated with 
mitral or tricuspid regurgitation, and often in these pa- 
tients with pulmonary regurgitation, is poorly tolerated 
during early infancy. Valve replacement during the first 
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TABLE IV Comparison Between Infantile Marfan Syndrome and "Classic" Marfan Syndrome in Adolescents and Adults 


Infantile Marfan Syndrome Adolescent-Adult Marfan Syndrome 


Clinical characteristics 


Age at death (mean) 16.3 months^-^! 33.5 years?3 

Main cause of death CHF associated with mitral and tricuspid re- Aortic dissection or rupture 
gurgitation 

Family history of Marfan syndrome Negative in 70 to 100% of cases Negative in only about 15% of cases^? 

Musculoskeletal involvement Includes joint contractures in about 67% of Typically does not include joint contractures 
cases 

Ocular involvement In 67 to 83% of cases In 7096 of cases^? 

Cardiovascular characteristics 

MVP 100% 62 to 919,251.52? 

MR (moderate to severe) 89% 13955! 

Aortic dilatation 10095 60 to 85%2:42.52 

AR 11%* 73%? 

TR 67% Uncommon 

PR 22% Uncommon 






* During initial evaluation, only 1 patient had trace to mild AR by Doppler color flow cardiography. 
CHF = congestive heart failure; other abbreviations as in Tables Il and Ill. 


year of life is often associated with a high mortality Treatment: The majority of these patients will re- 
rate. Pulmonary involvement, like emphysema or ob- quire some form of therapy. Medical management of 
structive lung disease due to severe kyphoscoliosis, may congestive heart failure may be sufficient in some pa- 
worsen coexisting heart failure, as was exemplified by 3 tients. Since valve replacement is not a desirable thera- 
of our patients. peutic option in this age group, valve reconstruction 


FIGURE 4. Histologic characteristics of in- 
fantile Marfan syndrome. A, section of as- 
cending aorta at the level of the sinuses of 
Valsalva. Right, from case 8. Fragmented 
and disarrayed elastic fibers with in- 
creased interfiber ground substance 
(X100). Inset, high power magnification 
(x400) showing details of elastic fibers. 
Left, same section from an age-matched 
normal control, showing the normal archi- 
tecture of the elastic laminae. B, section of 
mitral valve from case 9. Right, low power 
magnification (X40) showing thickened 
elastica (El) with disruption, fragmentation 
and disarray of elastic fibers. In the 
fibrosa (Fib), the collagen fibers are 
numerous and fragmented, with increased 
interstitial ground substance. Bottom left, 
high-power magnification (X400) of the 
elastica showing the details of the frag- 
mented elastic fibers, compared with age- 
matched control with its longitudinally ar- 
ranged elastic fibers (top left). (Verhoeff- 
Van Gieson stain for elastic fibers). Ad — 
adventitia; L — lumen. 
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may be a feasible alternative. The role of 8 blockers in 
the prevention of progressive aortic dilatation remains 
uncertain; some reports suggest a beneficial effect,5657 
but a prospective controlled trial has not yet been pub- 
lished. Only one of our patients was treated with a 8 
blocker. The other patients had congestive heart failure, 
which contraindicates this form of treatment. 


Acknowledgment: We thank Gloria Gaskill and 
Sharon Heim for typing, Melanie Friedman for photog- 
raphy and Emily Flynn-MclIntosh for artwork. 
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Pericardial Effusion After Cardiac Surgery 
in Children and Effects of Aspirin for Prevention 


Marie J. Béland, MDCM, Marc Paquet, MD, James E. Gibbons, MD, 
Christo |. Tchervenkov, MDCM, and Anthony R.C. Dobell, MDCM 


Seventy-four children aged 0.3 to 21.4 years 


(median 4.0) were followed echocardiographically 
on days 4, 7, 14 and 28 (+ 2 days) after cardiac 
surgery to evaluate the incidence of postoperative 
pericardial effusion, to identify the patients at 
greatest risk of developing an effusion and to eval- 
uate the use of aspirin as prophylaxis against peri- 
cardial effusion. Pericardial effusion was graded 
relative to the size of the aortic root from grade O 
(no effusion) to grade 5 (larger than the aortic root 
dimension). Patients were randomly divided into 2 
groups: group 1 (32 patients) received aspirin 60 
mg/kg/day for 7 days starting on the third postop- 
erative day; group 2 (42 patients) received no aspi- 
rin. Forty-eight patients (65%) developed an effu- 
sion during the study period, 3 required pericardio- 
centesis and 1 died of tamponade. All patients with 
tamponade had a grade 4 effusion. Age or type of 
operation did not alter the cumulative incidence of 
significant effusion. No patient with a grade O effu- 
sion on the first echocardiogram developed a grade 
4 or 5 effusion. Results in groups 1 and 2 were 
similar. Pericardial effusions are common in the 
first month after cardiac surgery. Patients with no 
effusion in the immediate postoperative period ap- 
pear to be at lesser risk of developing a grade 4 ef- 
fusion in the first month after operation. Finally, 
aspirin prophylaxis against postoperative pericardi- 
al effusions did not significantly alter the outcome 
in this small series of patients. 

(Am J Cardiol 1990;65:1238-1241) 
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first month after cardiac surgery in the pediatric 

population has not been studied, and the children 
at greatest risk for developing a clinically important ef- 
fusion have not been identified. In addition, the possibil- 
ity of preventing postoperative effusion through the use 
of prophylactic medication has not been examined. We 
designed the present study (1) to evaluate prospectively 
by serial echocardiography the incidence of pericardial 
effusion in the first month after surgery for congenital 
heart disease in the pediatric age group; (2) to deter- 
mine which patients are most likely to develop a signifi- 
cant effusion; and (3) to establish whether the prophy- 
lactic use of aspirin in the early postoperative period can 
prevent the accumulation or attenuate the size of peri- 
cardial effusion after cardiac surgery. 


T* incidence of pericardial effusion in the 


METHODS 

Study protocol: Children over 3 months of age un- 
dergoing open-heart surgery at our hospital between 
January 1985 and March 1988 were eligible for the 
study. On the day before surgery, patients were ran- 
domized into 2 groups: patients in group I were pre- 
scribed a 7-day course of aspirin (60 mg/kg/day orally 
divided every 6 hours) starting on the third day postop- 
eratively; patients in group II did not receive aspirin in 
the first week after surgery. If additional analgesia or 
fever control was required in either group, meperidine, 
morphine, acetominophen, or a combination of these 
was used. Antiinflammatory medication (other than as- 
pirin in group I) was not given to any patient during the ! 
first postoperative week. : 

Six exclusion criteria were applied: (1) patients who 
could not take oral medications 3 or more days after 
surgery; (2) patients with bleeding disorders or hemor- 
rhagic lesions; (3) patients receiving antiinflammatory 
medication(s); (4) patients allergic to aspirin; (5) pa- 
tients having undergone the Fontan procedure; and (6) 
patients in whom informed consent was not obtained 
before randomization. 

Echocardiographic analysis: M-mode and 2-dimen- 
sional echocardiograms were performed on postopera- 
tive days 4, 7, 14 and 28 (+ 2 days) using an ATL MK- 
600 ultrasound machine (Advanced Technology Labo- 
ratories). Studies were supervised by a cardiologist and 
reviewed by MJB, who were unaware of the results of 
patient randomization. 

Anterior and posterior pericardial effusions were 
measured by M-mode at the tip of the mitral valve in 
systole and diastole in the parasternal long-axis or short- 
axis views, or both. We used variable signal damping to 
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emphasize the separation between epicardium and peri- 
cardium for measurement purposes.! Verification of all 
measurements was carried out by 2-dimensional echo- 
cardiography in the same views. We used the largest 
single measurement obtained for grading purposes. The 
aortic root was also measured on M-mode from leading 
edge to leading edge at the aortic valve closure. Effu- 
sions were graded from 0 to 5 relative to the size of the 
aortic root (Table I). Effusions measuring <2 mm were 
considered insignificant and graded as 0. 

Patient population: Of the 287 open-heart cases per- 
formed during the study period at our institution, 90 
patients were enrolled in the study. Sixteen of these 
were not included in the results because of failure to 
obtain all 4 echocardiograms at the designated time in- 
tervals. One patient died of tamponade before obtaining 
the fourth scheduled echocardiogram but was included 
in the study results. The study population therefore 
comprised 74 patients who underwent a total of 295 
echocardiographic studies. The children ranged in age 
from 3 months to 21.4 years with a median age of 4.0 
years. Thirty-two percent of the children (24 patients) 
were under 2 years of age. There were 40 male and 34 
female patients. The operations were performed by ei- 
ther of 2 surgeons and consisted of palliative or correc- 
tive procedures for a variety of congenital heart diseases 
with a preponderance of atrial and ventricular septal de- 
fect closures (Table IT). Twenty-four patients (32% of 
the total group) required a ventriculotomy as part of the 
surgical intervention. No patient required oral anticoag- 
ulants during the study period. 

Thirty-two patients were randomly assigned to 
group 1, and 42 patients to group 2. The mean patient 
age in both groups was similar (4.7 vs 5.7 years), as was 
the proportion of patients who had a ventriculotomy (28 
vs 36%). The pericardium was loosely closed in the ma- 
jority of cases, but was left open in 5 of 32 (16%) of 
group I patients and 8 of 42 (19%) of group II patients. 

Statistical analysis: Differences between proportions 
were studied by Fisher’s exact test. A p value <0.05 was 
considered statistically significant. 


RESULTS 

Of the 74 patients, 48 (65%) had a pericardial effu- 
sion on at least 1 of the 4 echocardiographic studies 
done in the first month after surgery. Of the 295 echo- 
cardiograms performed, 164 (56%) of these were 
classed as grade 0, 61 (21%) as grade 1, 54 (18%) grade 
2, 10 (3%) grade 3 and 6 (2%) grade 4 (Table III). No 
grade 5 effusions were seen. 

Thirty-five patients had a grade 0 effusion on the 
baseline echocardiogram performed on the third postop- 
erative day. None of these patients developed a grade 4 
effusion. This is in contrast to the remaining 39 patients 
who had a grade 1, 2 or 3 effusion on the first echocar- 
diogram; 6 of these patients developed a grade 4 effu- 
sion on subsequent echocardiograms (p <0.05). 

No patient had a grade 4 effusion on the first or 
fourth echocardiogram. Two patients had a grade 4 ef- 
fusion on day 7 (echocardiogram no. 2), and 4 other 
patients had a grade 4 effusion on day 14 (echocardio- 


TABLE I Echocardiographic Grading of Pericardial Effusion 


Grade Definition 














No effusion 
< lj aortic root 

> 14 < 4 aortic root 
2 15 « 3, aortic root 
> 3, < aortic root 
= aortic root 
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TABLE II Surgical Interventions in Group | (Aspirin) vs Group 
Il (No Aspirin) 


No. of Pts 


Type of Surgery Group 1 


ASD closure 

VSD closure 

ASD + VSD closure 
Senning 


TABLE Ill Results of Echocardiographic Grading of 
Pericardial Effusions 


Echocardiogram No. 


* Patient died before fourth echocardiogram. 


gram no. 3). No patient with an effusion graded <3 
required pericardiocentesis for clinically evident tam- 
ponade. In contrast, 3 of the 6 patients who developed a 
grade 4 effusion required pericardiocentesis because of 
hemodynamic compromise and a fourth patient died of 
tamponade 6 days after a grade 4 effusion was found on 
echocardiogram no. 3. The remaining 2 patients with a 
grade 4 effusion were asymptomatic and were observed 
clinically and echocardiographically until the effusion 
decreased in size. 

The maximum grade on the last 3 echocardiograms 
was <3 in 22 of the 24 children under 2 years of age 
(92%) and in 46 of the 50 patients over 2 years of age 
(92%). Of the 6 patients with grade 4 effusions, 2 were 
under 2 years of age (2 of 24 = 8%) while 4 were older 
(4 of 50 = 8%). 

The maximum grade on the last 3 echocardiograms 
for the 24 patients having had a ventriculotomy as part 
of their cardiac surgery was Xgrade 3 in 24 of 24 
(100%) and in 44 of 50 (88%) of patients who did not 
require a ventriculotomy. None of the 6 patients with a 
grade 4 effusion had undergone a ventriculotomy. 

The majority of patients (12 of 13, 92%) whose peri- 
cardium was left open at the end of the surgical proce- 
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dure had a grade 3 or smaller effusion on the last 3 
echocardiograms. Similarly, 56 of 61 (92%) of the chil- 
dren whose pericardium was closed at the end of sur- 
gery had a maximum grade of <3. One of the 13 chil- 
dren (8%) whose pericardium was left open developed a 
grade 4 effusion while 5 of 61 (8%) of those whose peri- 
cardium was closed developed a grade 4 effusion. 

In the aspirin-treated group (group I), 17 of 32 pa- 
tients (53%) had a maximal grade of 0 or 1 on the last 3 
echocardiograms and 13 of 32 (41%) had a maximal 
grade of 2 or 3. In the group of patients not receiving 
aspirin (group II), 30 of 42 (71%) had a maximal grade 
of 0 or 1, and 8 of 42 (19%) had a maximal grade of 2 
or 3 (Figure 1). Of the 6 patients with a grade 4 effu- 
sion, 2 were in group I (2 of 32 = 6.3%) while 4 were in 
group II (4 of 42 = 9.5%). One patient in the aspirin 
group died of tamponade and 3 patients in the non- 
aspirin group required pericardiocentesis. While there is 
no statistically significant difference between the 2 
groups with regard to the results of aspirin prophylaxis, 
a larger sample size would be required to enhance the 
power to detect such a difference, if it in fact exists. 

Of the 30 patients who discontinued aspirin therapy 
on day 10 (2 group I patients continued aspirin beyond 
the prescribed 7 days), 17% developed a larger effusion 
between echocardiographic studies no. 2 and no. 3, com- 
pared to 15% of patients who received no aspirin in the 
first month after surgery. There was therefore no appar- 
ent rebound accumulation of pericardial fluid after 
stopping aspirin therapy. 


DISCUSSION 

Pericardial effusion has been reported to occur in as 
many as 85% of patients after intracardiac surgery.*~’ 
The only prospective study to evaluate postoperative 
pericardial effusion in a pediatric population showed a 
53% cumulative incidence among 40 patients who were 
followed by serial echocardiograms from 0 to 10 days 
postoperatively. Our study, which followed patients 
echocardiographically for 1 month after surgery, dem- 
onstrates a 65% cumulative incidence of effusion. Most 
of these effusions were graded <3 and disappeared 


Maximum Grade 
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spontaneously without requiring therapy. However, 4 of 
74 (5%) of our patients had a clinically significant out- 
come: 3 required pericardiocentesis and a fourth patient 
died of tamponade 20 days after surgery because of de- 
layed recognition of her condition. 

Echocardiographic grading of effusions: Previous 
reports$-5 suggest that absolute values in mm should be 
used for grading small, medium and large effusions. In 
children, a grading system whereby the size of an effu- 
sion is expressed as a fraction of the size of a routinely 
measured cardiac structure in the same patient offers 
clear advantages for judging the clinical significance of 
a pericardial effusion. We therefore propose a grading 
system from 0 to 5, each grade representing an incre- 
ment of 2596 of the aortic root dimension (Table I). 

The absolute size of a pericardial effusion has not 
correlated well with the presence of hemodynamic com- 
promise in adults?; therefore, echocardiographic signs 
such as diastolic collapse of the right ventricle!? have 
been sought to help diagnose tamponade noninvasively. 
Our data would indicate that patients with a grade 4 or 
greater effusion in the first month after cardiac surgery 
are at increased risk of developing cardiovascular com- 
promise because only patients with a grade 4 effusion 
required pericardiocentesis and none of the children 
with an effusion <grade 3 showed any evidence of he- 
modynamic compromise due to the effusion. 

Identification of patients at risk: We found that the 
absence of an effusion on the second or third postopera- 
tive day is associated with a significantly decreased inci- 
dence of later development of a grade 4 effusion. This 
finding would be in keeping with an earlier theory that 
late postoperative effusions represent a reaction to blood 
in the pericardial sac present in the early recovery peri- 
od after surgery.!! If no fluid (or blood) is found echo- 
cardiographically in the pericardial space after surgery, 
it would appear from our data that patients are protect- 
ed from the future development of large pericardial ef- 
fusions. 

Previous reports dealing with the postperic: "diotomy 
syndrome strongly suggest that patients over z years of 
age undergoing a ventriculotomy as part of their opera- 


ASA 
No ASA 


FIGURE 1. Results of the last 3 echocar- 
diographic studies showing the maximal 
grades detected in patients in the aspirin 
(ASA) group versus patients not treated 
with ASA. 
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tive procedure are at greater risk of developing the syn- 
drome.!? Since the echocardiographic demonstration of 
a pericardial effusion strongly correlates with the clini- 
cal development of postpericardiotomy syndrome, such 
reports would suggest that these children are at in- 
creased risk of developing an effusion in the postopera- 
tive period. In our study, children under 2 years of age 
did not appear to be protected from developing a signifi- 
cant effusion since the proportion of children under 2 
years of age with a grade 4 effusion was the same (8%) 
as that of children over 2 years of age. Similarly, ven- 
triculotomy did not appear to predispose children in our 
study to developing a significant effusion: all 24 patients 
who had a ventriculotomy as part of their operative pro- 
cedure had effusions graded <3 and none of the 6 pa- 
tients with a grade 4 effusion were in the ventric- 
ulotomy group. 

While modifications in the methods used for pericar- 
dial closure and postoperative drainage have been advo- 
cated to alter the incidence of postoperative effusion,'? 
there is no proven benefit of altering the surgical ap- 
proach. In our study, the proportion of patients who de- 
veloped grade 4 effusions was the same (896) regardless 
of whether the pericardium was closed at the end of the 
surgical procedure. 

Aspirin prophylaxis: A single study!^ has addressed 
the possibility of medically preventing the "postcardi- 
otomy" syndrome using steroids. In that report, no dif- 
ference could be discerned once the patients ceased the 
prophylactic treatment 2 to 3 weeks after surgery. Pro- 
phylaxis with aspirin has not been studied. Aspirin is 
currently widely used in the treatment of pericardial ef- 
fusion,!> although the efficacy of this treatment remains 
largely anecdotal. Our study did not show any signifi- 
cant beneficial effect of using aspirin prophylactically in 
the postoperative period nor did it show a deleterious 
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effect from ceasing aspirin therapy after 7 days of treat- 
ment. As discussed previously, a larger series would be 
required to enable recommendations to be made regard- 
ing aspirin prophylaxis. 
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Effects of Exercise Testing, Training 
and Beta Blockade on Serum Potassium 
in Normal Subjects 


Gerald F. Fletcher, MD, Barbara J. Fletcher, RN, MN, and Mary Ellen Sweeney, MD 


To evaluate the effects of exercise testing, training 


and 68 blockade on serum potassium, 40 normal 
subjects (24 men, 16 women, mean age 33 years) 
had 4 maximal exercise tests with venipuncture for 
serum potassium before and <40 seconds after 
each test. After initial exercise testing, they were 
randomized to atenolol 50 mg daily, atenolol 100 
mg daily, propranolol 80 mg twice daily or placebo. 
All began a 9-week dynamic exercise program for 
8 weeks followed by a 1-week drug-free washout 
period. Tests were done after weeks 1, 8 and 9. A 
significant mean increase (p «0.05) in serum po- 
tassium occurred with maximal exercise in the 
atenolol 50 mg and propranolol groups after 1 
week of treatment (mean + standard deviation, 
4.78 + 0.29 to 5.09 + 0.43 mEg/liter and 4.81 + 
0.55 to 5.30 + 0.33 mEg/liter). By week 8 after 
training, all 8 blockade groups showed an increase 
in postmaximal exercise test serum potassium 
(atenolol 50 mg, 4.78 + 0.29 to 5.11 + 0.26 mEq/ 
liter; atenolol 100 mg, 4.95 + 0.41 to 5.16 + 0.36 
mEg/liter; propranolol, 4.81 + 0.55 to 5.05 + 0.29 
mEg/liter). After washout, only the placebo group 
showed an increase in postmaximal test serum po- 
tassium (4.99 + 0.46 to 5.35 + 0.27 mEq /iter). 
Data indicate that hyperkalemia with maximal ex- 
ercise testing increases after training with atenolol 
and propranolol compared to placebo and that this 
effect resolves once treatment is discontinued. 

(Am J Cardiol 1990;65:1242-1245) 
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ith the increasing use of exercise training 
1 V in both normal subjects and in those with car- 
diovascular disease, ^ there is considerable 
interest in the effects of exercise on blood potassium, 
both acutely, as with a maximal test, or with a long- 
term exercise training program. Many patients in exer- 
cise programs are often taking some form of B-adrener- 
gic blockade for control of angina pectoris, arrhythmias, 
hypertension or for the “cardioprotective effect.” As se- 
rum potassium levels may have a clinical impact in such 
settings,"-!! particularly with regard to arrhythmia con- 
trol, this study was initiated to examine the effect of 
exercise training during selective and nonselective 6-ad- 
renergic blockade on serum potassium levels done be- 
fore and immediately after maximal exercise testing. 
Two dose levels of atenolol studied as cardioselective 
blockade are now more often used in subjects in exercise 
programs, and data are needed on the effects of differ- 
ent dose levels. 


METHODS 

Our study followed a double-blind parallel design us- 
ing fixed doses of atenolol 50 or 100 mg once daily, 
propranolol 80 mg twice daily or placebo. All subjects 
were healthy and nontrained. The study began with a 2- 
week drug-free baseline period followed by an 8-week 
exercise training period which included taking either 
atenolol, propranolol or placebo. The protocol concluded 
with a 1-week drug-free washout period during which 
the subjects continued their exercise training program. 

Maximal treadmill exercise tests (Bruce protocol) 
with oxygen consumption studies were performed at the 
end of the drug-free baseline period, at the end of weeks 
| and 8 of the double-blind treatment period and at the 
end of the 1-week drug-free washout period. The study 
design is shown in Figure 1. Oxygen consumption deter- 
minations using the Applied Electrochemistry System 
of oxygen and carbon dioxide analysis were measured 
continuously during each exercise test. Before each ex- 
ercise test (within 2 to 3 minutes) and immediately af- 
ter (within 40 seconds), a venipuncture was done for 
serum potassium levels. In order to avoid hemolysis, no 
or minimal tourniquet pressure was used. The blood was 
centrifuged at 3,000 rotations/min for 10 minutes and 
the serum was then withdrawn for potassium levels. Po- 
tassium was determined by flame photometry on an 
SMA IIC analyzer (Technicon Instruments Corp.). 

The exercise training program consisted of a 45-min- 
ute program 4 times weekly with at least 30 of the 45 
minutes being a walk-jog phase and the remainder of 


Atenolol 
50 mg 


Pre 


4.09 + 0.24 


4.78 + 0.29 


Atenolol 
100 mg 


Pre 


4.15 x 0.31 


TABLE I Changes in Serum Potassium with Maximal Exercise Testing 


4.95 + 0.41 


Propranolol 


(80 mg twice daily) 


Pre 


4.06 + 0.28 


Post 


4.26 + 0.44 
4.28 + 0.43 


5.08 + 0.43* 
5.111 0.26* 


4.26 +0.29 
4.30 + 0.44 


5.10 + 0.43 
5.16 + 0.36* 


4.81 + 0.55 
5.30 + 0.33* 
5.05 + 0.29* 


4.06 + 0.20 
4.07 +0.35 


4.00 + 0.44 


4.87 + 0.49 


4.23 +0.44 


4.80 + 0.33 


3.79 + 0.38 


4.71 X 0.66 


Placebo 


Pre 


4.20 + 0.44 
4.15 +0.34 
4.11 +0.32 
4.25 +0.25 





4.99 + 0.46 
5.02 + 0.32 
5.06 + 0.62 
9.39 3: 0.27* 


All data are mean + standard deviation (mEq / liter). 
* p «0.05, significant increase from baseline test values. 


ET = exercise test; Post = within 40 seconds after termination of ET; Pre = within 2 to 3 minutes before onset of ET. 


exercise done on a stationary bicycle. All exercise pre- 
scriptions were written at a workload of 85% of oxygen 
consumption achieved on the baseline exercise test. The 
conditioning protocol was consistent among treatment 
groups. 

Fifty-two subjects entered the study. However, 4 
withdrew before the double-blind treatment phase and 
an additional 8 did not complete the study because of 
adverse experiences including excessive fatigue, im- 
paired mental status, leg discomfort and intercurrent ill- 
ness. Of these 8 dropouts, 3 were on atenolol 50 mg 
daily, 1 was on atenolol 100 mg daily, 3 were on pro- 
pranolol 80 mg twice daily and 1 was on placebo. Thus, 
40 subjects (16 women, 24 men) completed the study 
and are included in the statistical analysis. The age 
range was 19 to 35 years (mean 33). All were within 
20% of ideal body weight and had not exercised regular- 
ly in the previous 6 months. The subjects were healthy 
with no clinical evidence of coronary artery disease, car- 
diomyopathy, systemic hypertension or other systemic 
disease. 

After completion of the baseline exercise test, sub- 
jects were randomized as follows: atenolol 50 mg daily, 


FIGURE 1. Study design. ET1 = baseline 
exercise test; ET2 = exercise test after 1 : Drug free 
week of therapy and training; ET3 = exer- f Lead in 
cise test after 8 weeks of therapy and 
training; ET4 — exercise test after 1 week 
drug-free washout period; Ex — exercise; 
wk = week. 


. minute’! 


FIGURE 2. Oxygen consumption at maxi- 
mum exercise. ET1 = baseline exercise 
test; ET2 = exercise test after 1 week of 
therapy and training; ET3 = exercise test 
after 8 weeks of therapy and training; 
ET4 - exercise test after 1 week drug- 
free washout period. Reprinted with per- 
mission from Am Heart J.!? 
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8; atenolol 100 mg daily, 12; propranolol 80 mg twice 
daily, 10; and placebo twice daily, 10. Each was given 2 
bottles (A and B) containing their medications. They 
were instructed to take 1 tablet from bottle A and 1 
from bottle B at 8:00 A.M, then 1 from bottle B at 8:00 
P.M., each with water. Placebo tablets were identical to 
active medications. Serum levels of propranolol and 
atenolol were drawn before each exercise test in all 
subjects. 


RESULTS 

To show a training effect, the difference in oxygen 
consumption between weeks of therapy was assessed us- 
ing repeated measures of analysis of variance. This 
training effect is shown in Figure 2.'* Oxygen consump- 
tion studies revealed a training effect in all groups not- 
ed, especially after washout, in the 8 blockade groups. 
These metabolic studies were done as they are the most 
accurate means of documenting a training effect, al- 
though an increase in exercise test time may suggest 
such. 

With regard to the serum potassium response to 
maximal exercise testing (as listed in Table I), the anal- 
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yses of the treatment differences were conducted sepa- 
rately for exercise tests performed after 1 and 8 weeks 
of exercise training and after the withdrawal period us- 
ing analysis of variance procedures. Treatment means 
were adjusted for baseline and compared using least sig- 
nificant differences procedures. The analyses of the dif- 
ferences between times were conducted using analyses 
of variance procedures based on a split-plot design. 
There was a significant mean serum potassium increase 
(p <0.05) in the atenolol 50 mg and propranolol groups 
after 1 week of treatment (4.78 + 0.29 to 5.09 + 0.43 
mEg/liter and 4.81 + 0.55 to 5.30 + 0.33 mEq/liter, 
respectively), and by week 8 (after training) all subjects 
on 8 blockade significantly increased their maximal ex- 
ercise testing serum potassium compared to baseline 
(atenolol 50 mg, 4.78 + 0.29 to 5.11 + 0.26 mEq/liter; 
atenolol 100 mg, 4.95 + 0.41 to 5.16 + 0.36 mEq/liter; 
propranolol, 4.81 + 0.55 to 5.05 + 0.29 mEq/liter). 
This hyperkalemic maximal exercise testing effect re- 
turned to near baseline values during the 1-week drug- 
free washout period. It is noteworthy that the higher 
dose of atenolol, i.e., atenolol 100 mg, did not show a 
significant change at week 1 but did achieve signifi- 
cance with training. To the contrary, the placebo group 
had no significant change during the double-blind treat- 
ment phase but showed an increase (4.99 + 0.46 to 5.35 
+ 0.27 mEq/liter) in maximal exercise testing hyper- 
kalemia after washout. 


DISCUSSION 

These normal subjects herein described who became 
physically trained on both selective and nonselective 6 
blockade all had increased maximal exercise testing hy- 
perkalemia compared to baseline. After the washout 
phase, however, only the placebo group showed an in- 
crease and the reason for this paradoxical change is not 
known. It may be that the placebo group was able to 
exert a greater maximal effort with their last exercise 
test because of the absence of 6 blockade effect during 
the training period. The hyperkalemia occurred with 
maximal exercise testing during low-dose atenolol and 
propranolol therapy (before training) and in both low- 
dose and high-dose atenolol and propranolol (but not in 
placebo) after 8 weeks of training. Maximal exercise 
testing hyperkalemia, therefore, is seen in both selective 
and nonselective 8 blockade and this hyperkalemia re- 
solves after 8 blockade therapy is discontinued. 

Several studies have addressed the effect of an acute 
exercise stress on blood electrolytes. Coester et al’ stud- 
ied 10 men who worked on a bicycle ergometer to ex- 
haustion and found that all electrolytes measured were 
increased at the end of exercise, most markedly potassi- 
um (by 60%). Interestingly, potassium decreased more 
rapidly than all other electrolytes to below resting val- 
ues within 4 minutes. Carlsson et al? reported data on 
plasma potassium levels in 6 healthy volunteers before 
and after exercise with either metoprolol or propranolol 
given by mouth 60 minutes before exercise. Neither 6- 
adrenergic blocking drug had an effect before exercise, 
but both significantly potentiated the increase of plasma 
potassium during exercise. At rest after exercise, plasma 
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potassium decreased rapidly after placebo and metopro- 
lol, but after propranolol the reversion of the potassium 
level was delayed and the concentration was still signifi- 
cantly above the placebo level 15 minutes after exercise. 
These data are consistent in part with the data herein 
reported; however, our protocol only included the 1 im- 
mediate postfollow-up serum potassium determination. 

Williams et al? reported on the catecholamine mod- 
ulation of rapid potassium shifts during exercise in 6 
healthy subjects who had maximum exercise testing un- 
der the following 3 conditions: with no medication; dur- 
ing 8 blockade with propranolol; and during a blockade 
with phentolamine. They? found that, compared to peak 
increase in plasma potassium of 1.23 mmol/liter during 
the control state, propranolol caused a greater potassi- 
um increase of 1.89 mmol/liter and a sustained eleva- 
tion during recovery. It was concluded that 8-adrenergic 
receptor stimulation appears to decrease the acute hy- 
perkalemia of exercise and that in accord with this, 6 
blockade tends to neutralize this effect and causes the 
postexercise hyperkalemia to persist. 

Ljunghall et al!? reported on plasma potassium, 6 
blockade and physical exercise in 6 healthy subjects 
who performed bicycle exercise ergometry until exhaus- 
tion. Elevations of plasma potassium were induced and 
from determination of the ion concentration of the ef- 
fluent of 1 leg (which performed maximum isokinetic 
work), and, in the opposite antecubital vein, a postexer- 
cise uptake was calculated for potassium both in the 
exercised muscle and in the opposite antecubital vein 
indicating participation of “systemic factors." 

Thomson et al!! studied exercise-induced changes in 
systemic arterial potassium in 20 men with angiographi- 
cally documented coronary artery disease, exertional 
angina and positive exercise tests. All were on metopro- 
lol 200 mg daily. During exercise, arterial potassium 
increased significantly within 1 minute and returned 
to near baseline by 5 minutes after exercise. They!! 
infer that the release and absorption of potassium dur- 
ing exercise in muscles in such patients may cause po- 
tentially arrhythmogenic arterial potassium fluctua- 
tions. 

These fluctuations of potassium with exercise and 
the effect of 8 blockade may have a clinical impact in 
several settings. Opie et al!? have referred to the bio- 
chemical aspects of arrhythmogenesis and ventricular 
fibrillation. They suggest that “localized” hyperkalemia 
not only causes loss of resting membrane potential and 
shortening of the action potential duration, but may also 
block the fast inward current to unmask the slow chan- 
nel. This alteration of depolarization may directly or in- 
directly (particularly in the presence of ischemic tissue) 
influence the onset of ventricular arrhythmias and fi- 
brillation. 

Some implications evolving from the aforementioned 
findings are that the increased exercise hyperkalemia in 
the presence of 6 blockade may have a beneficial clini- 
cal effect in preventing arrhythmias that may be precip- 
itated by hypokalemia, and thus provide a “cardio- 
protective effect.” To the contrary, however, in clinical 
states such as renal insufficiency, 8 blockade with acute 
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.. imal exercise testing in trained normal subjects on (- 
adrenergic blockade. This finding may have clinical im- 
|. plications of benefit in exercising cardiac patients who 
may be prone to hypokalemia. 
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METHODS 


A Simplified Normalized Ejection Phase Index 
Measured by Doppler Echocardiography for the 
Assessment of Left Ventricular Performance 


Karl Isaaz, MD, Gerard Ethevenot, MD, Philippe Admant, MD, Beatrice Brembilla, MD, 
and Claude Pernot, MD' 


Although useful for the assessment of directional 


changes in contractility in individual patients, rest- 
ing peak aortic blood velocity is of limited value for 
differentiating among patients with different levels 
of basal cardiac function. A dimensional analysis 
based on fluid dynamics shows that peak aortic 
blood velocity is not only generated by the contract- 
ing myocardium but also reflects the convective ac- 
celeration of blood from the left ventricle to the aor- 
ta. The reduction of cross-sectional area from the 
midleft ventricle to the aorta at the time of peak 
aortic blood velocity generates the convective accel- 
eration. Accordingly, a higher convective accelera- 
tion due to left ventricular (LV) enlargement as ob- 
served in cardiomyopathy may explain why peak 
aortic blood velocity can be maintained as normal 
although myocardial contractility is depressed. This 
study tested the hypothesis that peak aortic blood 
velocity normalized by the ratio of midleft ventricle 
to aortic cross-sectional areas might provide a reli- 
able index of LV performance. Nine normal control 
subjects and 25 patients undergoing catheteriza- 
tion were studied by M-mode, 2-dimensional and 
Doppler echocardiography. The normalized peak 
velocity measured noninvasively showed a high cor- 
relation with angiographic ejection fraction (r = 
0.90, p <0.0001). Peak aortic blood velocity and 
the ratio of midleft ventricle to aortic cross- 
sectional areas alone correlated less well with ejec- 
tion fraction (r = 0.76 and r = 0.75, p <0.0001, 
respectively). Furthermore, peak aortic blood veloc- 
ity showed a significant overlap between patients 
with normal and those with abnormal LV function, 
whereas normalized peak aortic blood velocity was 
a better discriminator. The simplified normalized 
index derived by substituting the square of the ra- 
tio of LV end-diastolic to aortic diameters for the 
ratio of midleft ventricle to aortic cross-sectional 
areas also showed a good correlation with ejection 
fraction (r = 0.89, p <0.0001). The sensitivity, 
specificity and accuracy of this simplified index 
(when <16.5 cm/s) for detection of abnormal LV 
function were 100, 95 and 97%, respectively. 
Thus, this study provides a simple and reliable ejec- 
tion index of global LV performance easily mea- 
sured by Doppler echocardiography. 

(Am J Cardiol 1990;65:1246-1251) 


1246 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


aortic blood flow velocity and acceleration in the 

ascending aorta reliably has led to its use in the 
noninvasive assessment of left ventricular (LV) perfor- 
mance under various physiologic and pharmacologic 
conditions.!-?^ Among all ejection parameters, peak aor- 
tic blood velocity is one of the most frequently used by 
clinicians, probably due to the reproducibility of this 
measurement? and to the facility with which peak veloc- 
ity is recorded. However, although useful for the assess- 
ment of directional changes in contractility,’ resting 
peak aortic blood velocity seems to be of limited value 
for differentiating among patients with different levels 
of basal myocardial contractility.^*-!? It has been 
shown that peak aortic blood velocity correlates less well 
with angiographic ejection fraction than does peak ac- 
celeration.? However, the widespread use of peak accel- 
eration in clinical practice is limited by the special 
Doppler device or the computer assistance?? required 
by the measurement of this index. Similarly, calculation 
of LV ejection force over early systole!®:!! and its rate of 
change!! as proposed recently for the assessment of LV 
performance!?:!! requires computer analysis of digitized 
Doppler tracings. 

On the other hand, the limitations of peak aortic 
blood velocity for the assessment of LV performance at 
rest and for comparison of different subjects may be 
due to the absence of a normalization factor. In fact, a 
dimensional analysis based on fluid dynamics shows 
that peak aortic blood velocity is not only generated by 
the contracting myocardium but also reflects the con- 
vection of fluid from the left ventricle to the aortic ori- 
fice. The more the ventricle is enlarged, the more the 
convective acceleration of blood becomes relatively im- 
portant. Accordingly, a depressed contractile myocardi- 
um can generate normal velocity through the aortic ori- 
fice due to the compensatory convective component sec- 
ondary to the dilation of the ventricle (see Appendix). 
The ratio of midleft ventricle to aortic cross-sectional 
areas provides an anatomic index representative of the 
convective acceleration from the midleft ventricle to the 
aortic anulus in patients with a diffuse heart disease 


T he ability of Doppler echocardiography to measure 


From the Department of Cardiology, University of Nancy, Nancy, 


France. Manuscript received October 2, 1989. Revised manuscript re- 
ceived and accepted January 16, 1990. 

tDr. Pernot is deceased. 

Address for reprints: Karl Isaaz, MD, Service de Cardiologie A, 
Centre Hospitalier Universitaire de Nancy-Brabois, Allee du Morvan, 
54511 Vandoeuvre-les- Nancy, France. 








a V 


process. We investigated the value of peak velocity nor- 
malized by the ratio of midleft ventricle to aortic cross- 
sectional areas in the assessment of LV function as as- 
sessed by angiographic ejection fraction. 


METHODS 

Study patients: Twenty-five patients undergoing 
cardiac catheterization were studied (Table I). There 
were 21 men and 4 women, with a mean age of 51 years 
(range 35 to 65). Sixteen patients had coronary artery 
disease defined angiographically as 250% luminal di- 
ameter narrowing of at least 1 major coronary artery; 6 
patients had dilated cardiomyopathy and 3 patients had 
atypical chest pain with normal findings at catheteriza- 
tion. No patient had aortic or mitral valve disease. No 
significant mitral regurgitations were observed. All pa- 
tients were in sinus rhythm. Cardiac medications were 
not routinely discontinued before the examination. In- 
formed consent was obtained from all patients before 
initiation of the study protocol. Nine healthy volunteers 
aged 35 to 60 years (mean 48) served as the control 
group. There were 6 men and 3 women. All were 
asymptomatic and had normal physical and Doppler 
echocardiographic examinations. No volunteer was tak- 
ing any medications. The mean aortic blood pressure 
was obtained noninvasively from the standard formula: 
mean pressure = diastolic pressure + 1/3(systolic pres- 
sure — diastolic pressure). 

Cardiac catheterization and angiography: The left- 
sided cardiac catheterization was performed within 48 
hours (range 1 to 46 hours, median 13 hours) of the 
noninvasive studies in all 25 patients. The ejection frac- 
tion was calculated as the ratio of the difference be- 
tween end-diastolic and end-systolic LV volume to end- 
diastolic volume. Left cavity volumes were calculated by 
the area-length method of Dodge et al!* from the left 
ventriculogram obtained in the 30? right anterior 
oblique projection. Patients were prospectively sub- 
grouped into 2 groups based on angiographic ejection 
fraction. Twelve patients had an ejection fraction 255% 
and 13 patients had an ejection fraction <55%. Among 
the 16 patients with coronary artery disease, 12 had 
symmetrical or nearly symmetrical LV contraction as 
defined previously? and 4 had asymmetrical LV con- 
traction!? defined by a large area of hypokinesis (in 2 
patients) or akinesis (in 2 patients). None had end-dia- 
stolic deformity (aneurysm). 

Doppler echocardiography: Two-dimensional, M- 
mode and Doppler echocardiograms were obtained us- 
ing an imaging system (Advanced Technology Labora- 
tories) with a 3-MHz transducer. The LV outflow tract 
and the aortic root were visualized in the parasternal 
long-axis view. The aortic anular diameter (d) was mea- 
sured as previously described'* immediately proximal to 
the points of insertion of the aortic leaflets during early 
systole. Five cycles were recorded. The transducer was 
repositioned between each recording. All diameter mea- 
surements were obtained between the 2 inner echocar- 
diographic edges. The cross-sectional area of the aortic 
anulus was calculated as md?/4, assuming the shape of 
the anulus to be circular. 


The LV short-axis dimensions were measured from 
parasternal M-mode echocardiographic recordings ac- 
quired perpendicular to the LV long axis and through 
the midline of short-axis 2-dimensional images. Care 
was taken to record the largest LV minor-axis dimen- 
sions present between the tips of the mitral valve leaflets 
and the superior aspect of the papillary muscles. The 
LV systolic diameter at the time of peak aortic blood 


FIGURE 1. M-mode measurements of the left ventricular end- 
diastolic diameter (EDD) and the left ventricular diameter at 
the time of peak velocity (Dp,,). Time-matched M-mode and 
Doppler records are used for measurement of the diameter of 
left ventricle at time of peak velocity. T1 = T2 = time interval 
from end-diastole to peak flow. 
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TABLE I Comparison of Clinical Data Between Control 

< Subjects and Patients with Normal and Abnormal Left 
Ventricular Function 

Patients with 


EF «5596 
(n = 13) 


Patients with 
EF 25595 
(n= 12) 


Normal 
Subjects 
(n = 9) 


48+ 10 
68 + 13 


51 +21 
77+14 


518 
67 +14 


Age (yrs) 
Heart rate 
(beats/min) 
BSA (m?) 
Mean BP 
(mm Hg) 
LVEDP — 
(mm Hg) 
Pkv (cm/s) 103 + 14 
Values are reported as mean + 1 standard deviation. 
* p <0.05 versus normal subjects and patients with ejection fraction 25595. 


BP = blood pressure; BSA = body surface area; EF = ejection fraction; LVEDP = left 
ventricular end-diastolic pressure; Pkv = peak aortic blood velocity. 


1.78 + 0.09 
94 + 11.2 


1.80 + 0.10 
86+ 11 


1.71+0.12 
91+6 


12+4 coe Ti" 


79 + 22* 


TABLE Il indexes of Blood Convection from the Left 
Ventricle to the Aortic Orifice and Peak Velocity Normalized 
by Index of Blood Convection 


Patients with 
EF <55% 
(n = 13) 


Patients with 
EF 255% 
(n = 12) 


Normal 
Subjects 
(n = 9) 


0.20 + 0.03 
(0.17—0.26) 
0.18 + 0.02 
(0.15—0.21) 
PkVN1 (cm/s) 22.421325 22.2 $3.5 
PkVN2 (cm/s) 19.134 2.29 19.06 + 2.89 


Values are expressed as mean + standard deviation. 

* p <0.05 versus normal subjects and versus patients with ejection fraction 255%. 

Ranges are given in parentheses. 

CSA = aortic cross-sectional area; LVA = left ventricular cross-sectional area at the 
time of peak velocity; LVEDA = end-diastolic left ventricular cross-sectional area. 
PkVNI = peak aortic blood velocity normalized by the ratio of aortic to left ventricular 
cross-sectional areas at the time of peak velocity; PkVN2 = peak aortic blood velocity 
normalized by the ratio of aortic to left ventricular end-diastolic cross-sectional areas. 


0.10 + 0.04* 
(0.05—0.19) 
0.10 + 0.04* 
(0.05-0.17) 
8.9 + 4.77* 
8.3 + 4.18* 


0.22 + 0.04 
(0.17—0.32) 

0.19 + 0.03 
(0.15-0.27) 


CSA/LVA 


CSA/LVEDA 


velocity was obtained as shown in Figure 1. Because M- 
mode and Doppler measurements were not exactly si- 
multaneous, care was taken to use only time-matched 
cycles for calculations. The LV cross-sectional area at 
the time of peak flow and at end-diastole was calculated 
as 7D?/4, where D is the ventricular diameter. 
Doppler ultrasound examination was performed us- 
ing the same imaging system equipped with a pulsed 
Doppler echocardiography with a transducer frequency 
of 3 MHz. Returning frequencies were processed by 
fast Fourier transform. The aortic blood velocity was 
recorded from the apical 5-chamber view imaged with 
the transducer placed on the cardiac apex. The image 
and the audio signal were used to align the ultrasound 
beam to the direction of flow. All velocities were record- 
ed with a 5-mm sample volume positioned at a level 
corresponding to the aortic diameter measurement. For 
the velocity recording at the aortic anulus, the sample 
volume was placed into the valve leaflets and gradually 
moved backward until the first clear ventricular outflow 
velocity was obtained as previously described.!^ An av- 
erage of 5 cardiac cycles of Doppler data was analyzed 
for each measurement. The following normalized veloci- 
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ty indexes were determined: The peak aortic blood ve- 
locity normalized by the ratio of LV to aortic cross- 
sectional areas calculated at the time of peak flow 
(PKVN1) was calculated as: PKVN1 (in cm/s) = Pkv X 
CSA/LVA, where Pkv = peak aortic blood velocity, 
CSA is the aortic anulus cross-sectional area and LVA 
is the LV cross-sectional area at the time of peak veloci- 
ty. The peak aortic blood velocity normalized by the 
ratio of LV end-diastolic to aortic cross-sectional areas 
(PkVN2) was calculated as: PKVN2 (in cm/s) = Pkv X 
CSA/LVEDA, where LVEDA is the LV end-diastolic 
cross-sectional area. 

Intraobserver and interobserver variability: All cal- 
culations derived from Doppler echocardiographic re- 
cordings in a subgroup of 10 randomly selected patients 
were repeated by 1 observer on 2 occasions. Another 
observer independently performed the determinations 
for the same 10 patients. The observers were blinded to 
each other's results. The variability was expressed as a 
percent error for each measurement and was deter- 
mined as the difference between the 2 observations di- 
vided by the mean value of the 2 observations. 

Statistical analysis: Data are reported as the mean 
+ 1 standard deviation. The correlation between ejec- 
tion fraction and each of the studied parameters was 
determined using linear regression analysis. An analysis 
of variance was used to compare the clinical and Dopp- 
ler data between normal control subjects, patients with 
ejection fraction =55% and patients with ejection frac- 
tion «5596. If the F-statistic indicated significant differ- 
ences between groups, intergroup comparisons were per- 
formed with an unpaired ¢ test that was corrected by 
use of a Bonferonni factor for multiple comparisons. A 
p value «0.05 was considered statistically significant. 


RESULTS 

Normalized velocity indexes measured by Doppler 
echocardiography in normal subjects and patients: The 
individual values for peak aortic blood velocity and nor- 
malized peak aortic blood velocity in our normal popu- 
lation and patients are presented in Figure 2. 

Indexes of blood flow convection from the left ven- 
tricle to the aorta: The ratio of aortic to LV diameters 
calculated at the time of peak flow was 0.45 + 0.04 
(range 0.41 to 0.51) in normal subjects and was 0.46 x 
0.05 (range 0.41 to 0.56) in patients with ejection frac- 
tion 255% (difference not significant). This latter ratio 
was 0.32 + 0.07 (range 0.22 to 0.44) in patients with 
ejection fraction «5596 (p «0.05 vs normal subjects and 
vs patients with ejection fraction 25596). Comparisons 
in the different groups between the ratios of aortic-to- 
LV cross-sectional areas measured at the time of peak 
velocity and at end-diastole are listed in Table II. 

Comparison of velocity normalized by index of 
blood convection between normal subjects and pa- 
tients: The peak aortic blood velocity normalized by the 
ratio of LV to aortic cross-sectional areas calculated at 
the time of peak velocity was significantly decreased in 
patients with ejection fraction <55% when compared to 
normal control subjects and to patients with ejection 








fraction 255% (Table II). The peak aortic blood veloci- 
ty normalized by the ratio of LV end-diastolic to aortic 
cross-sectional areas was also significantly decreased in 
patients with ejection fraction <55% by comparison to 
normal subjects and patients with ejection fraction 
255%. As shown in Figure 2, the peak aortic blood ve- 
locity normalized by the ratio of LV to aortic cross- 
sectional areas was also a better discriminator between 
patients with normal LV function and patients with ab- 
normal LV function than peak velocity measured alone. 
The sensitivity, specificity and accuracy for determining 
abnormal LV function of a peak aortic blood velocity 
normalized by the ratio of LV end-diastolic to aortic 
cross-sectional areas «16.5 cm/s were 100, 95 and 97%, 
respectively. 

Relation between ejection indexes and ejection 
fraction: The peak aortic blood velocity showed a signif- 
icant linear correlation with ejection fraction (r = 0.76, 
p <0.0001), but the correlation improved considerably 
when the peak velocity was normalized by the ratio of 
midleft ventricle to aortic cross-sectional areas (r = 0.90 
to 0.89, p <0.0001) (Figure 3). Although the ratios of 
aortic-to-LV cross-sectional areas at peak flow and at 
end-diastole were significantly decreased in patients 
with abnormal LV function, they correlated only mod- 
estly with ejection fraction (r = 0.75 and r = 0.74, re- 
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spectively) (Figure 4). The simple ratios of aortic-to-LV 
diameters at the time of peak aortic blood velocity and 
at end-diastole also correlated modestly with ejection 
fraction (r = 0.78 and r = 0.77, respectively). 

intraobserver and interobserver variability: All 
Doppler echocardiographic measurements were repeat- 
able and reproducible. Intraobserver and interobserver 
errors differed by <6%. 


DISCUSSION 

Comparison with previous studies: In this study, we 
found a correlation coefficient of 0.76 between angio- 
graphic ejection fraction and peak velocity, which is 
close to the correlation coefficient of 0.77 reported by 
Sabbah et al,’ who also related peak velocity to single 
plane angiographic ejection fraction in a similar popula- 
tion. 

Rationale for the use of left ventricular to aortic 
cross-sectional areas ratio as a normalization factor 
(use of a simplified normalized velocity index): A di- 
mensional analysis of ejection dynamics based on an el- 
liptical model of the ventricle reveals that the peak aor- 
tic blood velocity is determined not only by the contract- 
ing myocardium that drives the blood within the 
ventricle but also by the geometry of the ventricle (Ap- 
pendix). The more dilated is the ventricle, the more im- 


PkVN2 (cm/sec) 


EF255% EF<55% 





FIGURE 2. Individual values of peak aortic blood velocity and peak aortic blood velocity normalized by the ratio of aortic to left 
ventricular cross-sectional areas. EF = ejection fraction; NI = normal; PkV = peak aortic blood velocity; PKVN1 = peak aortic 
blood velocity normalized by the ratio of left ventricular to aortic cross-sectional areas at the time of peak velocity; PKVN2 = 
peak aortic blood velocity normalized by the ratio of left ventricular end-diastolic to aortic cross-sectional areas. 
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FIGURE 3. Relation of ejection fraction to peak aortic blood velocity and to normalized velocity indexes. SEE — standard error of 


the estimate; other abbreviations as in Figure 2. 
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portant is the convective acceleration from the midven- 
tricle to the aorta. In other words, the aortic orifice cre- 
ates a relative stenosis with respect to the LV cavity. 
This relative stenosis becomes more severe in the case of 
LV enlargement. Thus, in the case of enlarged ventri- 
cles the peak velocity may be maintained as normal at 
the aortic level due to the compensatory convection of 
blood from the ventricle to the aorta although the con- 
tractile properties of the myocardium are decreased. It 
is well known that in cardiomyopathy, where the ventri- 
cle dilates, the diameter increases proportionally much 
more than the length.!^!6 Thus, the ratio of midleft ven- 
tricle to aortic cross-sectional areas represents the most 
important component of the geometric factor in the 
equation relating the aortic velocity to the basal myo- 
cardial contractility (Appendix). In our study, the re- 
duction in cross-sectional area from the midventricle to 
the aorta measured at the time of peak velocity ranged 


from 68 to 8396 in subjects with normal LV function, 


whereas it ranged from 81 to 9596 in patients with ab- 
normal LV function (p «0.05 vs normal subjects and 
patients with ejection fraction 25596). The ratio of aor- 
tic to mid-LV cross-sectional areas calculated at the 
time of peak velocity is linearly related to the ratio of 
aortic to mid-LV cross-sectional areas calculated at 
end-diastole with a correlation coefficient of 0.99 (Fig- 


© CSALVEDA r= 0.74 
@ CSA/LVA r= 0.75 


Cross-Section Areas Ratio 


Ejection Fraction (%) 


r=0.99 
p < 0.0001 


CSA/LVEDA 


0.2 
CSA/LVA 


FIGURE 4. Top, relation between each ratio and ejection frac- 
tion in 25 patients undergoing cardiac catheterization. Bot- 
tom, correlation between the ratio of aortic to left ventricular 
cross-sectional areas at end-diastole (CSA/LVEDA) and that 
calculated at the time of peak velocity (CSA/LVA) in the entire 
study population (n = 34). 
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ure 4). Thus, the ratio of cross-sectional areas calculat- 
ed at end-diastole can be substituted for that calculated 
at time of peak flow. Furthermore, the square of the 
aortic to LV diameter ratio can be substituted for the 
cross-sectional areas ratio since the aortic and LV cross- 
sectional areas are considered to be circular and are cal- 
culated as the product of diameter squared multiplied 
by 7/4. Thus, the peak aortic blood velocity normalized 
by the LV end-diastolic to aortic cross-sectional areas 
ratio can be simplified as the product of peak aortic 
velocity by the square of the aortic-to-LV diameters ra- 
tio. Although significantly decreased in patients with 
abnormal LV function, neither the peak aortic blood ve- 
locity nor the ratio of aortic to LV cross-sectional areas 
correlated with ejection fraction as well as the normal- 
ized velocity. 

Although not assessed in our study, the effects of 
acute changes in loading conditions on normalized peak 
aortic blood velocity can be inferred both from analysis, 
as shown in our Appendix, and from previously pub- 
lished studies.'’:'* Analysis shows that normalized peak 
aortic blood velocity is directly proportional to the in- 
stantaneous normalized velocity of fiber shortening. 
Previous studies!^!* have demonstrated that instanta- 
neous normalized velocity of fiber shortening is depen- : 
dent on afterload, independent of preload and sensitive 
to alterations in LV contractile state. This suggests that 
normalized peak aortic blood velocity will be relatively 
independent of preload, inversely related to afterload 
and directly sensitive to inotropic stimulation. 

Study limitations: This method of assessment of LV 
performance is valid in adults with diffuse heart disease 
processes, as in cardiomyopathy. Most of our patients 
had symmetrically contracting ventricles and in our 
population with coronary artery disease no patient had 
diastolic deformity. Since there were only 4 patients 
with asymmetrical LV contraction, our method needs to 
be further validated in a greater number of patients 
with asymmetrical ventricles. The LV length should be 
taken into account in normalization of peak velocity for 
comparing the LV function among patients of different 
ages with important differences in body surface area. In 
case of diastolic deformity (aneurysm), the ratio of aor- 
tic cross-sectional area to the instantaneous LV volume 
may be used for normalizing the aortic velocity, provid- 
ing a noninvasive measure of the normalized systolic 
ejection rate.!?.20 

Clinical implications: Our results suggest that peak 
aortic blood velocity normalized by the ratio of midleft 
ventricle to aortic cross-sectional areas measured by 
Doppler echocardiography relates more closely to LV 
performance as assessed by angiographic ejection frac- 
tion than does peak aortic blood velocity alone, and bet- 
ter differentiates patients with normal from those with 
abnormal LV function. Peak aortic blood velocity nor- 
malized by the ratio of LV to aortic cross-sectional 
areas calculated at end-diastole is a simple index of LV 
performance easily measurable by Doppler echocardiog- 
raphy without computer facilit*es. 


Acknowledgment: We gratefully thank Nelson B. 
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beg 


Wr IM 


PES fd J 4 ds yas y T E oo) Wit. n Siar 

So MSS ORS EMT SER STR eRe ete oe mT 

-* "ui À UE A ne ie" a ey > E ncn M. $ ny tte 2p 
1 : "2d 1 f » 


v 
w 


AE NR 


E NUN 
hU * ee 4 

25 = 
ETIE = 


REFERENCES 

1. Bennett ED, Barclay SA, Davis AL, Mannering D, Mehta N. Ascending aortic 
blood velocity and acceleration time using Doppler ultrasound in the assessment of 
left ventricular function. Cardiovasc Res 1984;18:632-638. 

2. Mehta N, Bennett DE. Impaired left ventricular function in acute myocardial 
infarction assessed by Doppler measurement of ascending aortic blood velocity 
and maximum acceleration. Am J Cardiol 1986;57:1052-1058. 

3. Sabbah HN, Khaya F, Brymer JF, McFarland TM, Albert DE, Snyder JE, 
Goldstein S, Stein PD. Noninvasive evaluation of left ventricular performance 
based on peak aortic blood acceleration measured with a continuous-wave Dopp- 
ler velocity meter. Circulation 1986;74:323-329. 

4. Bryg RJ, Laboritz AJ, Mehdirad AA, Williams GA, Chaitman BR. Effects of 
coronary artery disease on Doppler-derived parameters of aortic flow during 
upright exercise. Am J Cardiol 1986;58:14-19. 

5. Harrison MR, Smith MD, Nissen SE, Grayburn PA, De Maria AN. Use of 
exercise Doppler echocardiography to evaluate cardiac drugs: effects of propanol- 
ol and verapamil on aortic blood flow velocity and acceleration. JACC 
1988;11:1002-1009. 

6. Gardin J, Dabestani A, Matin K, Allfie A, Russell D, Henry WL. Reproduc- 
ibility of Doppler aortic blood flow measurements: studies on intraobserver, inter- 
observer and day-to-day variability in normal subjects. 4m J Cardiol 1984; 
54:1092-1098. 

7. Walmeyer K, Wann LS, Sagar KB, Kalbfleisch JK, Klopfenstein S. The 
influence of preload and heart rate on Doppler echocardiographic indexes of left 
ventricular performance. Comparison with invasive indexes in an experimental 
preparation. Circulation 1986,74:181-186. 

8. Teague SM, Corn C, Sharma M, Prasad R, Burow R, Voyles WF, Thadani U. 
A comparison of Doppler and radionucleide ejection dynamics during ischemic 
exercise. Am J Cardiac Imaging 1987;2:145-151. 

9. Hatle L, Angelsen B. Diagnosis and assessment of various heart lesions. In: 
Hatle L, Angelsen B, eds. Doppler Ultrasound in Cardiology. Philadelphia: Lea 
and Febiger, 1985:265-270. 

10. Isaaz K, Ethevenot G, Admant P, Brembilla B, Pernot C. A new Doppler 
method of assessing left ventricular ejection force in chronic congestive heart 
failure. Am J Cardiol 1989;64:81-87. 

11. Isaaz K. Theoretical analysis of left ventricular ejection. Left ventricular 
ejection force and impulse: noninvasive assessment using Doppler ultrasound. In: 
Teague MS, ed. Stress Doppler Echocardiography. Dortrecht, The Netherlands: 
Kluwer Academic Publishers, 1990;227-242. 

12. Dodge HT, Sandler H, Ballem DW, Hawley RR. Usefulness and limitations 
of radiographic methods for determining left ventricular volume. Am J Cardiol 
1966;18:10—24. 

13. Kronik G, Slany J, Mosslacher H. Comparative value of eight M-mode 
echocardiographic formulas for determining left ventricular stroke volume. A 
correlative study with thermodilution and left ventricular single-plane cineangiog- 
raphy. Circulation 1979;60:1308-1316. 

14. Lewis JF, Kuo LC, Nelson JG, Limacher MC, Quinones MA. Pulsed Dopp- 
ler echocardiographic determination of stroke volume and cardiac output: clinical 
validation of 2 new methods using the apical window. Circulation 1984;70:425— 
431. 

15. Dodge HT, Stewart DK, Frimer M. Implication of shape, stress, and wall 
dynamics in clinical heart disease. In: Fishman AP, ed. Heart Failure. Washing- 
ton: Hemisphere Publishing, 1978:43-54. 

16. Lewis RP, Sandler H. Relationship between changes in left ventricular 
dimensions and the ejection fraction in man. Circulation 1971 ;44:548-557. 
17. Quinones MA, Gaasch WH, Alexander JK. Influence of acute changes in 
preload, afterload, contractile state and heart rate on ejection and isovolumic 
indices of myocardial contractility in man. Circulation 1976;2:293-302. 

18. Mahler F, Ross J, O’Rourke RA, Covell JW. Effects of changes in preload, 
afterload and inotropic state on ejection and isovolumic phase measures of con- 
tractility in the conscious dog. Am J Cardiol 1975;35:626-637. 

19. Mirsky I, Pasternac A, Ellison RC, Hugenholtz PG. Clinical applications of 


te. 5 "LS ; of ae 


THE AMERICAN JOURNAL OF CARDIOLOGY MAY 15, 1990 






force-velocity parameters and the concept of a “normalized velocity.” In: Mirsky 2 


I, Ghista DN, Sandler H, eds. Cardiac Mechanics, Physiological, Clinical and 
Mathematical Considerations. New York: John Wiley & Sons, 1974;293-299. 
20. Mirsky I, Pasternac A, Ellison RC. General index for the assessment of 
cardiac function. Am J Cardiol 1972;30:483-491. 


APPENDIX 

Relation of Aortic Blood Flow Velocity to the Geome- 
try and Dynamics of Left Ventricular Chamber: The in- 
stantaneous volumetric flow rate Q(t) through the orifice is the 
product of the spatial average velocity of flow v(t) within that 
orifice and the orifice cross-sectional area (CSA) (1): Q(t) = 
CSA X v(t). Accordingly, the product of the aortic cross-sec- 
tional area by the instantaneous blood flow velocity recorded by 
Doppler provides a method of measurement of the aortic volu- 
metric flow rate. 

The aortic volumetric flow rate is equal to the instantaneous 
rate of change of LV volume (dV /dt) in the absence of signifi- 
cant mitral regurgitation or a shunt at the ventricular level (2): 
CSA X v(t) = —dV /dt. 

If we assume the ventricle as an ellipsoid of revolution, then 
the instantaneous LV volume is derived from the formula (3): 
V(t) = 7/6 X D(t)? X L(t) where D and L are, respectively, the 
minor and major axis, and are both functions of time. 

After mathematical manipulations, we obtain from equa- 
tions 2 and 3 (4): v(t) = —S(t)/CSA X 4/3 X L(t) X [dD/dt X 
D^! + 1/2 X dL/dt X L~'] where S(t) is the instantaneous 
mid-LV cross-sectional area expressed as mD(t)?/4. 

The equation 4 shows that the velocity through the aorta is 
dependent on 2 terms: (1) a term related to the shape of the 
ventricle, which is the product S(t)/CSA X 4/3 X L(t), and (2) 
a term related to the myocardial performance, which is the 
product dD/dt X D^! + 1/2 X dL/dt X L-!. The variable dD/ 
dt X D^! represents the instantaneous normalized velocity of 
circumferential fiber shortening (Vcf), which has been shown to 
be a reliable index of basal myocardial contractility relatively 
independent of preload.!7.!* The term dL/dt X L~! represents 
the normalized velocity of the fiber shortening in the longitudi- 
nal direction. 

Thus, the velocity measured through the aorta is not only 
related to the myocardial performance but is also highly depen- 
dent on the shape of the ventricle. In particular, an enlarged 
ventricle with decreased basal myocardial contractility may 
eject the blood with a normal peak velocity due to a compensa- 
tory increase in the ratio S/CSA. The length of the ventricle is 
proportionally less increased than the diameter in congestive 
cardiomyopathy by comparison with the normal ventricle!?:!6; 
therefore, the LV cross-sectional area appears to be the most 
important LV dimensional correction factor. 
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Steady-State Interaction Between Amiodarone 
and Phenytoin in Normal Subjects 


Paul E. Nolan, Jr., PharmD, Brian L. Erstad, PharmD, Gifford L. Hoyer, MS, Marla Bliss, BS, 
Kathleen Gear, BS, RN, and Frank |. Marcus, MD 


Amiodarone has been reported to increase pheny- 
toin levels. This study was designed to evaluate the 
pharmacokinetic basis of this interaction at steady- 
state. Pharmacokinetic parameters for phenytoin 
were determined after 14 days of oral phenytoin, 2 
to 4 mg/kg/day, before and after oral amiodarone, 
200 mg daily for 6 weeks in 7 healthy male sub- 
jects. During amiodarone therapy, area under the 
serum concentration time curve for phenytoin was 
increased from 208 + 82.8 (mean + standard devi- 
ation) to 292 + 108 mg : hr/liter (p = 0.015). Both 
the maximum and 24-hour phenytoin concentra- 
tions were increased from 10.75 + 3.75 and 6.67 
+ 3.51 ug/ml to 14.26 + 3.97 (p = 0.016) and 
10.27 + 4.67 ug/ml (p = 0.012), respectively, 
during concomitant amiodarone treatment. Amio- 
darone caused a decrease in the oral clearance of 
phenytoin from 1.29 + 0.30 to 0.93 + 0.25 liters/ 
hr (p = 0.002). These results were due to a reduc- 
tion in phenytoin metabolism by amiodarone as evi- 
denced by a decrease in the urinary excretion of 
the principal metabolite of phenytoin, 5-(p- 
hydroxyphenyl)-5-phenylhydantoin, 149 + 39.7 to 
99.3 + 40.0 mg (p = 0.041) and no change in the 
unbound fraction of the total phenytoin concentra- 
tion expressed as a percentage, 10.3 + 2.7 versus 
10.7 + 2.1% (p = 0.28) during coadministration of 
amiodarone. The alterations in phenytoin pharma- 
cokinetics suggest that steady-state doses of 
phenytoin of 2 to 4 mg/kg/day should be reduced 
at least 25% when amiodarone is concurrently ad- 
ministered. All dosage reductions should be guided 
by clinical and therapeutic drug monitoring. 

(Am J Cardiol 1990;65:1252-1257) 
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miodarone is an effective antiarrhythmic agent 

in the management of patients with life-threaten- 

ing ventricular tachyarrhythmias and supraven- 
tricular arrhythmias.! Phenytoin, a drug principally 
used to treat selected seizure disorders, also has antiar- 
rhythmic actions.” Phenytoin is effective in treating ven- 
tricular arrhythmias in patients with congenital heart 
disease, and in at least 1 study, was found to be effective 
in suppressing inducible ventricular tachyarrhythmias in 
patients with organic heart disease. In several case 
studies, amiodarone has been shown to increase plasma 
concentrations of phenytoin.^? Following these observa- 
tions, the effects of amiodarone on the pharmacokinet- 
ics of single intravenous doses of phenytoin in healthy, 
male, human volunteers were investigated.? It was dem- 
onstrated that the interaction was due to the inhibition 
of phenytoin metabolism by amiodarone. This resulted 
in a decrease in the time-averaged total body clearance 
of phenytoin and an increase in elimination half-life 
of phenytoin. Since it remains difficult to extrapolate 
single-dose pharmacokinetic results for phenytoin to 
steady-state because of the nonlinearity of phenytoin's 
pharmacokinetics, the purpose of the present study was 
to investigate the magnitude and mechanism of the ami- 
odarone-phenytoin interaction at steady-state. This 
information might provide guidelines for changes in 
phenytoin dosing regimens when it is concomitantly pre- 
scribed with amiodarone. 


METHODS 

Study subjects: Seven normal, healthy, adult men 
aged 24 to 36 years (mean 27) and weighing 67 to 82 
kg (mean 75) volunteered for this investigation (Table 
I). Each subject had normal baseline blood chemistries 
and electrocardiogram as well as an unremarkable med- 
ical history and physical examination. No subject was 
taking any additional medication either before the start 
or during the course of the study. Each volunteer gave 
informed written consent before enrollment. This proto- 
col was approved by the Human Subjects Committee of 
The University of Arizona. 

Protocol: PHENYTOIN ALONE: On days 1 through 14, 2 
to 4 mg/kg of phenytoin base (Dilantin Kapseals®, 
Parke-Davis) was taken by mouth as a single morning 
dose by each subject (Table I). This dose of phenytoin 
was selected to avoid adverse effects associated with ele- 
vated serum concentrations of phenytoin.’ Each calcu- 
lated dose was rounded off to the nearest 100 mg cap- 
sule of phenytoin sodium. A similar dosing regimen was 
previously found to achieve steady-state pharmacokinet- 
ic conditions for phenytoin. On day 14, blood samples 














TABLE I Subject Characteristics 






SD = standard deviation. 


for serum phenytoin determinations were obtained from 
an arm either by direct venipuncture or through a ve- 
nous catheter containing only normal saline to prevent 
clotting within the catheter. At the last dose of pheny- 
toin, blood samples were obtained at the following 
times: predose (0 hour) and at 0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 
8.0, 12.0, 24.0, 36.0, 48.0, 60.0, 72.0, 84.0 and 96.0 
hours postdose. Subjects 1 and 2 had blood samples col- 
lected only up to 72 hours after the fourteenth day of 
oral dosing. Consecutive 24-hour urine collections for 
the determination of total (conjugated plus unconjugat- 
ed) 5-(p-hydroxyphenyl)-5-phenylhydantoin (HPPH), 
the principal metabolite of phenytoin, were obtained af- 
ter the last dose of oral phenytoin and for the duration 
of the blood sampling period. 

PHENYTOIN PLUS AMIODARONE: Amiodarone hydro- 
chloride (Cordarone®, Labaz Laboratories), 200 mg/ 
day (190 mg of amiodarone base) by mouth, was start- 
ed 6 days after treatment with phenytoin alone. After 
47» weeks of daily dosing with amiodarone, phenytoin 
base, 2 to 4 mg/kg/day, was again administered orally 
for 14 days. Blood and urine samples were collected as 

previously described for phenytoin alone. Daily amioda- 
rone was continued throughout the dosing and blood 
sampling periods for phenytoin. Therefore, the total 
dosing period for amiodarone was approximately 6!^ 
weeks for each subject. In addition, blood samples for 
serum amiodarone and N-desethylamiodarone determi- 
nations were obtained once per week while the subject 
was taking oral amiodarone to confirm compliance. The 
trough amiodarone and N-desethylamiodarone samples 
at the end of 14 days of dosing concomitantly with 
phenytoin and amiodarone (i.e., after 6 weeks of amio- 
darone) are listed for each subject (Table I). All serum 
and urine samples were stored frozen at —20°C until 
assayed. 

Analytical methods: High performance liquid chro- 
matography was used to analyze serum samples of 
phenytoin,? amiodarone and N-desethylamiodarone!? 
and urine samples of HPPH.? The major modifications 
of these assays have been described.® 

The unbound fraction expressed as a percentage of 
the total serum phenytoin concentration (96f,) in the ab- 
sence and presence of amiodarone was determined by 








Dose of Amiodarone amiodarone 
Phenytoin Base Concentration Concentration 
Age Weight at 6 Weeks at 6 Weeks 
Subject (yrs) (kg) mg mg/kg (ug/ ml) (ug/ ml) 







1 25 80 276 
2 29 79 276 
3 24 67 184 
4 36 78 276 
5 26 73 276 
6 28 68 184 
7 24 82 276 
Mean + SD 27.444.2 75.346.0 250+ 45 














Predose 
Desethyl- 





Predose 


































3.45 0.09 0.10 
3.49 0.10 0.15 
2.75 0.31 0.40 
3.54 0.14 0.29 
3.78 0.13 0.26 
2.71 0.15 0.37 
3.37 0.17 0.32 
3.30 € 0.41 0.16 + 0.07 0.27 + 0.11 


ultrafiltration and scintillation counting as previously 
described. The samples chosen for binding analysis in- 
corporated a high, medium and low total serum concen- 
tration of phenytoin with and without concurrent amio- 
darone administration for each subject. These samples 
were usually obtained at the beginning of the last dosing 
interval for phenytoin and at 12 and 48 hours after the 
dose. Because %f, was demonstrated to be linear Over 
this range of phenytoin concentrations, the average of 
these 3 determinations during treatment with phenytoin 
alone as well as with phenytoin plus amiodarone was 
calculated for each subject. 

Data analysis: PHARMACOKINETIC METHODS: The area 
under the phenytoin serum concentration versus time 
curve from the beginning of the last day of phenytoin 
dosing (ie., times = 0) to the 24-hour blood sample 
(AUC?) was determined by the linear trapezoidal 
rule. An approximate oral clearance for phenytoin 
(CLpo) was calculated by dividing the dose of phenytoin 
base administered on the last day of phenytoin dosing 
by the corresponding AUC;,. The extent of phenytoin 
absorption was assumed to be constant and equal to 
100%.'* The maximum (Cmax) and the 24-hour (C54) 
phenytoin concentrations were based on the observed se- 
rum concentration data. The amount of HPPH excreted 
during both of the initial 24-hour urine collections was 
quantitated. In addition, the fraction of the last dose of 
phenytoin excreted as HPPH expressed as a percentage 
was calculated by dividing the amount of HPPH excret- 
ed during this 24-hour period by the amount of pheny- 
toin base taken by the subject and multiplying by 100. 
The %f, was determined as described above. 

STATISTICAL METHODS: Statistical comparisons of the 
pharmacokinetic variables for phenytoin determined 
during treatment with phenytoin alone were compared 
to those determined during concomitant treatment with 
amiodarone using a 2-tailed, paired Student's t test. For 
all comparisons, p «0.05 was considered statistically 
significant. 


RESULTS 

All of the pharmacokinetic parameters for phenytoin 
when phenytoin was taken alone and with concurrent 
amiodarone are listed in Table II. All data are reported 
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Area Under the Serum 
Concentration vs Time Curve 
(mg - hr /liter) (ug/ml) 


P Alone 








Subject P Alone P+A 










1 204 

2 190 318 9.13 

3 150 218 8.83 

4 198 242 10.84 

5 371 406 18.32 

6 108 140 6.25 

7 235 450 11.50 

Mean + SD 208 + 82.8 292 + 108 10.75 +3.75 
p Value* 0.015 


* Analysis by use of 2-tailed, paired Student t test. 


as mean + standard deviation. The AUC2, for pheny- 
toin significantly increased from a mean of 208 + 82.8 
mg - hr/liter when phenytoin was given alone, to 292 + 
108 mg - hr/liter when amiodarone was given concomi- 
tantly (p = 0.015). As with the AUC, data, serum 
phenytoin concentrations increased when the amioda- 
rone treatment was added. The mean Cmax and Cz 
phenytoin concentrations significantly increased from 
10.75 + 3.75 to 14.26 + 3.97 ug/ml (p = 0.016) and 
from 6.67 + 3.51 to 10.27 + 4.67 ug/ml (p = 0.012), 
respectively, when phenytoin and amiodarone were tak- 
en together. Figure 1 shows the mean serum phenytoin 
concentrations versus time for 24 hours after the last 
dose of phenytoin for both phenytoin alone and for 
phenytoin plus amiodarone. Figure 2 is a similar semi- 
logarithmic plot extended to the last measured serum 
concentrations of phenytoin. 

The phenytoin CL,, averaged 1.29 + 0.30 liters/hr 
after 2 weeks of oral phenytoin alone. The addition of 
amiodarone caused a significant decrease in the CL», to 
0.93 + 0.25 liter/hr (p = 0.002). This represents an 
average 28% (range 8 to 48) decrease in CL, of pheny- 
toin after the addition of amiodarone. 

The amount of HPPH collected in the urine for 24 
hours after the administration of the daily phenytoin 


PHENYTOIN CONCENTRATION (ug/ml) 






52. 30 yale 8779 .- 8 10. 12914. 16 
TIME (hours) 
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Maximum Phenytoin 
Concentration 


A = amiodarone; P = phenytoin; p-HPPH = 5-(p-hydroxyphenyl)-5-phenylhydantoin: SD = standard deviation. 


18 20 22 24 26 


Phenytoin Concentration 
at 24 Hours 








14.39 6.02 
11.83 4.47 8.00 
11.15 5.47 13.20 
19.23 13.23 7.30 
9.97 2.20 9.50 
20.14 8.72 8.30 
14.26 + 3.97 6.67 € 3.51 10.27 + 4.67 


0.012 


0.016 








dose was found to decrease in 5 of 6 subjects when the 
amiodarone treatment was added. One subject had vir- 
tually no change in the amount of urine HPPH between 
treatment phases. Data from only 6 subjects were evalu- 
ated because subject no. 6 failed to collect the entire 
amount of urine excreted during treatment with pheny- 
toin alone. For phenytoin alone, the mean amount of 
HPPH excreted after the last dose of phenytoin was 149 
+ 39.7 compared to 99.3 + 40.0 mg for phenytoin plus 
amiodarone (p = 0.041). The percent of the last pheny- 
toin dose excreted as HPPH averaged 56.2 + 10.1% for 
phenytoin alone and 37.8 + 13.0% for combination 
therapy (p = 0.034). 

The protein binding of phenytoin as analyzed by ul- 
trafiltration was not changed by amiodarone. For phe- 
nytoin, the mean %f, was 10.3 + 2.7% after 2 weeks of 
dosing with phenytoin alone. When daily amiodarone 
was taken concomitantly with phenytoin, the mean %f, 
was 10.7 + 2.1%. These changes were not statistically 
significant. 


DISCUSSION 

Previous reports of drug interactions with amioda- 
rone: Concurrent amiodarone administration increases 
the serum concentrations of a number of cardiovascular 






FIGURE 1. Serum concentration-time data 
for phenytoin alone (O) and in combination 
with amiodarone (¢) for 24 hours after the 
last dose of phenytoin. Each data point 
the mean phenytoin concentra- 
tion + standard deviation for 7 subjects. 






















Percent of Total Phenytoin 
Oral Clearance Concentration Unbound 
(liters /hr) (%fu) 


Amount of p-HPPH Excreted 
During Initial 24-Hour Urine 
Collection (mg) 


Percent of Dose of Phenytoin 
Excreted in Initial 24-Hour 
Urine Collection as p-HPPH 


































P Alone P+A P Alone P+A P Alone P+A P Alone P+A 


i ; 181 
1.45 0.87 13.0 13.2 178 












1.23 0.85 8.0 9.1 82.3 59.7 44.7 32.4 
1.40 1.14 13.2 11.9 179 124 64.8 44.8 





148 85.8 53.4 31.1 








1.17 0.61 8.3 8.8 
0.9340.25 10.342.7 10.7+2.1 
0.002 0.28 


agents, and these pharmacokinetic interactions have 
been summarized by Marcus.!? The drugs include di- 
goxin,!^-!6 quinidine,!^!3 procainamide!®!9 and flecai- 
nide.” In addition, amiodarone has been demonstrated 
to both potentiate the hypoprothrombinemic effects and 
increase the plasma concentrations of warfarin.2!-23 A]. 
though the precise mechanism for each of these interac- 
tions remains to be fully elucidated, each of these inter- 
acting drugs, with the exception of digoxin, is extensive- 
ly metabolized by the liver. This implies that metabolic 
inhibition may play an important role in most of these 
interactions. 

Increases in phenytoin plasma concentrations and 
signs and symptoms of phenytoin toxicity have occurred 
3 to 4 weeks after amiodarone was begun in patients 
taking maintenance doses of phenytoin.^? The mecha- 
nism of the interaction between phenytoin and amioda- 
rone in the 4 patients described in these 2 reports was 
not studied in detail. We previously demonstrated that 
amiodarone inhibits the metabolism of single, intrave- 
nous doses of phenytoin in young, healthy male volun- 
teers.° We observed a decrease in the time-averaged to- 

tal body clearance of phenytoin and a decrease in the 
amount of HPPH excreted in the urine as a function of 
the phenytoin serum concentration when amiodarone 


FIGURE 2. Serum concentration-time data 
for phenytoin alone (O) and in combination 
with amiodarone (e) for 96 hours after the 
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for 7 subjects. After 72 hours, the data 
points represent the mean + standard 
deviation for 5 subjects. 
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123 123 44.5 44.5 
149 + 39.7 








99.3440.0 5624101 37.8 + 13.0 


0.041 0.034 









was coadministered with phenytoin. In addition, an in- 
crease in the apparent elimination half-life of phenytoin 
in the presence of amiodarone was noted. Amiodarone, 
however, did not alter either the volume of distribution 
or the %f, of phenytoin. 

Mechanism of the steady-state interaction: The 
mechanism of the steady-state interaction does not ap- 
pear to be due to plasma protein binding displacement 
by amiodarone since the free phenytoin concentrations 
were found to be unchanged. Although amiodarone is 
highly bound to plasma proteins (approximately 96%), 
different binding sites on albumin may account for the 
lack of displacement of other drugs such as warfarin by 
amiodarone.^ However, Lesko and Ruangtrakool25 ob- 
served increases in the %f, of phenytoin when amioda- 
rone was added to the serum of patients with epilepsy. 
They reported that the %f, of phenytoin increased from 
8 + 3 to 14 + 5% when 2 ug/ml of amiodarone was 
added in vitro to the patients’ serum. If these data rep- 
resent a statistically significant change, the discrepancy 
may reflect methodologic differences, including tem- 
perature and possibly serum pH, and potentially abnor- 
mal serum albumin levels in their patient population. 

Usually only small amounts of phenytoin are elimi- 
nated renally as unmetabolized drug.!226 In addition, 


14 22 30 38 46 54 62 70 78 86 94 
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only small amounts of amiodarone appear to be excret- 
ed unchanged by the kidney.” Therefore, it is unlikely 
that the interaction between amiodarone and phenytoin 
is the result of decreased renal elimination of phenytoin. 

In rats, amiodarone has been shown to inhibit hepat- 
ic metabolizing enzymes in a dose-related manner.^* 
Studies in rats and humans have also demonstrated de- 
creases in the clearance of antipyrine by amioda- 
rone.239 The desethyl metabolite of amiodarone, N- 
desethylamiodarone, has also been shown to decrease 
antipyrine clearance in rats.”? Antipyrine is eliminated 
by the cytochrome P-450 enzyme system of the liver 
and hence changes in the elimination of antipyrine by 
other drugs are thought to be indicative of interference 
with the normal functioning of this system. These data 
appear to be confirmed by the inhibitory effect of amio- 
darone on the hepatic clearance of theophylline.?! The- 
ophylline is metabolized by the cytochrome P-450 sys- 
tem in rats and man.? The mechanism by which amio- 
darone inhibits the cytochrome P-450 system after large 
single doses has been explained as direct competitive in- 
hibition of the mixed function oxidase enzymes by the 
parent compound.?* However, the effects of long-term 
amiodarone dosing on this system are not known.^ 
Lower dose, long-term amiodarone therapy may dimin- 
ish hepatic enzyme activity by affecting the synthesis or 
degradation of the cytochromes. These effects may be 
mediated by the parent compound or by the major me- 
tabolite, N-desethylamiodarone.?* Our data showing in- 
creases in AUC>4 and serum concentrations of pheny- 
toin with concomitant amiodarone, as well as the de- 
creases found in urinary HPPH excretion with the 
addition of amiodarone therapy without changes in %f, 
of phenytoin, support an interaction mediated through 
the liver. However, since debrisoquine phenotyping is 
not predictive of phenytoin metabolism, the interaction 
with amiodarone is unlikely to be mediated through this 
form of polymorphic oxidation.?? 

The time course of this interaction cannot be pre- 
dicted unequivocally from our study. Steady-state se- 
rum quinidine and procainamide concentrations have 
been reported to increase an average of 32 and 57%, 
respectively, as early as 24 hours after the initiation of 
an oral loading dose regimen of amiodarone.!5 The se- 
rum concentrations of amiodarone and N-desethylamio- 
darone measured after 6 weeks of amiodarone, 200 mg/ 
day, in our study (Table I) are significantly less than 
both those reported using a high-dose loading regimen 
for oral amiodarone?^ and those observed to be thera- 
peutic at steady-state)? Thus, it would be anticipated 
that the effects of amiodarone on the pharmacokinetics 
of phenytoin could occur during typical oral loading 
regimens for amiodarone given to patients on mainte- 
nance phenytoin therapy. 

Clinical significance of the interaction: After admin- 
istering concomitant daily doses of amiodarone and 
phenytoin that are often prescribed clinically, our in- 
vestipation demonstrated significant increases in the 
AUC, Cmax and C24 for phenytoin. The changes we 
found in the pharmacokinetics of phenytoin during con- 
comitant amiodarone treatment could possibly precipi- 
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tate adverse effects in patients, as previously reported.^? 
The nonlinear elimination of phenytoin by the liver fre- 
quently leads to problems in the dosing of the drug."? 
Other drugs such as amiodarone, which pharmacoki- 
netically interact with phenytoin, may further exacer- 
bate these dosing difficulties. 

In summary, significant increases in AUC», and se- 
rum phenytoin concentrations were found when daily 
low-dose amiodarone treatment without a prior loading 
dose was administered in conjunction with phenytoin 
dosing to steady-state. The CL,, of phenytoin signifi- 
cantly decreased with concomitant amiodarone treat- 
ment. No changes in the serum protein binding of phe- 
nytoin were observed, thus excluding this as a mecha- 
nism of the interaction. Urinary HPPH collected during 
the first 24 hours after a dose of phenytoin was found to 
be lower when amiodarone was added to the long-term 
phenytoin dosing. Our data support an effect of amioda- 
rone on the cytochrome P-450 system of the liver caus- 
ing altered phenytoin metabolism. The decreases in 
phenytoin CL,, seen after the addition of amiodarone 
therapy could have important clinical consequences. We 
recommend a reduction in the daily dose of phenytoin 
of at least 25 to 30% for patients taking 2 to 4 mg/kg/ 
day of phenytoin, when amiodarone therapy is to be 
added. Patients taking larger doses of phenytoin may 
require greater reductions after the addition of amioda- 
rone. In addition, the attainment of presumed therapeu- 
tic steady-state concentrations of amiodarone may ne- 
cessitate further reductions in phenytoin doses. All 
changes in phenytoin dosage regimens should be guided 
by monitoring both serum phenytoin concentrations and 
the clinical status of the patient. 
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Since 1984, 23 participating clinics have been engaged in 
ongoing studies of MEVACOR® (Lovastatin, MSD). Among 
the 744 patients taking MEVACOR for up to 5 years 
(4.1 years, mean), 17 (2.3%) have been discontinued due 
to drug-related adverse events. These data are current 
through January 1, 1990. 
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LDL cholesterol lowered 19% to 39%, total cholesterol 
lowered 18% to 34% by MEVACOR in two dose-ranging 


| studies. 


Mean changes from 
baseline in two dose- 
MEC E studies in pa- 
tients with familial and 
nonfamilial hypercho- 
lesterolemia (n=198); 
doses ranged from 
20 mg once daily to 
40 mg b.i.d.'? 
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MEVACOR is indicated as an adjunct to diet for the reduction of 
elevated total and LDL cholesterol levels in patients with 
primary hypercholesterolemia (Types lla and lib), when 
response to diet and other nonpharmacologic measures 
alone has been inadequate. 
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MEVACOR is contraindicated in patients who are hypersensitive to any component of the 
medication; in patients with active liver disease or unexplained persistent transaminase 
elevations; in pregnant or lactating patients; and in women of childbearing age, except 
when such patients are highly unlikely to conceive. 
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In clinical studies, MEVACOR" (Lovastatin, MSD) was 
generally well tolerated. Side effects were usually mild and 
transient. Less than 1% of patients were discontinued 
from controlled clinical studies du 
adverse effects. About 2% 


e to drug-related 
of patients were discontinued 
from all studies due to drug-related adverse events. 


Marked persistent increases (to more than three times the upper 
limit of normal) in serum transaminases occurred in 1.9% of adult 
patients who received lovastatin for at least one year in clinical 
trials. It is recommended that liver function tests be performed 
before treatment begins, every 4 to 6 weeks during the first 15 
months of therapy with lovastatin, and periodically thereafter in all 
patients. Special attention should be paid to patients who develop 
elevated serum transaminase levels, and in these patients, measure- 
ments should be repeated promptly and then performed more fre- 
quently. If the transaminase levels show evidence of progression, 
particularly if they rise to three times the upper limit of normal and 
are persistent, the drug should be discontinued. j 
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The effect of lovastatin-induced changes in serum lipoprotein levels, including reduction 
of serum cholesterol, on cardiovascular morbidity or mortality has not been established. 


For complete details on MEVACOR, including Cautionary information regarding myop- 
athy, drug interactions, and slit-lamp monitoring, please refer to the Prescribing 
Information. 
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CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication. 

Active liver disease or unexplained persistent elevations of serum 
transaminases. 

Pregnancy and lactation. EM E 

Atherosclerosis is a chronic process and the discontinuation of lipid- 
lowering drugs during pregnan should have little impact on the outcome 
of long-term therapy 0 primary retra n Moreover, choles- 
terol and other products of the c olesterol biosynthesis pathway are es- 
sential components for fetal development, including synthesis of steroids 
and cell membranes. Because of the ability of inhibitors of HMG-CoA re- 
ductase such as MEVACOR* (Lovastatin, MSD) to decrease the synthesis 
of cholesterol and possibly other products of the cholesterol biosynthesis 
pathway, MEVACOR may cause fetal harm when administered to a preg- 
nant woman. Therefore, lovastatin is contraindicated during pregnancy. 
Lovastatin should be administered to women of childbearing age only 
when such patients are highly unlikely to conceive. If the patient becomes 
pregnant while taking this drug, lovastatin should be discontinued and the 
patient should be apprised of the potential hazard to the fetus. 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more 
than 3 times the upper limit of normal) in serum transaminases 
occurred in 1.9% of adult patients who received lovastatin for at least 
one year in clinical trials (see ADVERSE REACTIONS). When the drug 
was interrupted or discontinued in these patients, the transaminase levels 
usually fell slowly to pretreatment levels. The increases usually appeared 
3 to 12 months after the start of therapy with lovastatin and were not 
associated with jaundice or other clinical signs or symptoms. There was 
no evidence of hypersensitivity. A liver biopsy was done in one of these 
[eerte and showed areas of focal C In this patient, transaminase 
evels returned to normal following iscontinuation of therapy. Some of 
these patients had abnormal liver function tests prior to lovastatin therapy 
and/or consumed substantial quantities of alcohol. 

It is recommended that liver function tests be performed before treat- 
ment begins, every 4 to 6 weeks rim be first 15 months of therapy 
with lovastatin, and poriodicaiiy horos er in all patients. Special atten- 
tion should be paid to patients who develop elevated serum transaminase 
levels, and in these patients, measurements should be repeated promptly 
and then performed more frequently. If the transaminase levels show evi- 
dence of progression, particularly if they rise to 3 times the upper limit of 
normal and are persistent, the drug should be discontinued. Liver biopsy 
should be considered if elevations are persistent beyond the discontinua- 
tion of the drug. 

The drug should be used with caution in patients who consume sub- 
stantial quantities of alcohol and/or have a past history of liver disease. 
Active liver disease or unexplained transaminase elevations are contrain- 
dications to the use of lovastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the 
upper limit of normal) elevations of serum transaminases have been 
reported following d with MEVACOR (see ADVERSE REACTIONS). 
These changes appeared soon after initiation of therapy with MEVACOR, 
were often transient, were not ral jae by any symptoms, and inter- 
ruption of treatment was not required. 


Skeletal Muscle: Several cases of rhabdomyolysis have been asso- 
ciated with lovastatin therapy alone, when combined with immunosup- 
pressive thera including cyclosporine in cardiac transplant patients, 
and when combined in non-transplant atients with either gemfibrozil 
or lipid-lowering doses (> 1 g/day) of nicotinic acid. Acute renal failure 
from rhabdomyolysis has been seen more commonly with the 
lovastatin-gemfibrozil combination and has also been reported in 
transplant patients receiving lovastatin plus cyclosporine. 

Rhabdomyolysis with or without renal impairment has been reported 
in seriously ill patients receiving erythromycin concomitantly with 
lovastatin. Therefore, patients receiving concomitant lovastatin and 
erythromycin should be carefully monitored. 

Fulminant rhabdomyolysis has been seen as early as 3 weeks after 
initiation of combined therapy with gemfibrozil and lovastatin but may 
be seen after several months. For these reasons, it is felt that in most 
subjects who have had an unsatisfactory pe response to either dru 
alone, the possible benefits of combined therapy with lovastatin an 
gemfibrozil do not qe the risks of severe myopathy, rhabdo- 

ilure. While it is not known whether this 
interaction occurs with fibrates other than gemfibrozil, — and 
the use of 


lipid-lowering doses of nicotinic acid or with immunosuppressive drugs 

uld carefully weigh the potential benefits and risks and should care- 
fully monitor patients for a signs and symptoms of muscle pain, 
tenderness, eligtemquesr d op icularly during the initial months of ther- 
apy and m any peri 


there is no assurance that such monitoring will prevent the occurrence 
of severe — The monitoring of lovastatin drug and metabolite 
levels may be considered in transplant patients who are treated with 
immunosuppressives and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in 
any patient with an acute, serious condition — of a mn n or 
having a risk factor predisposing to the deve opment of renal failure 
secondary to rhabdomyolysis, including severe acute infection, hypo- 
tension, major surgery, trauma, severe metabolic, endocrine, and 
electrolyte disorders, and uncontrolled seizures. 

Myalgia has been associated with lovastatin therapy. Transient, mildly 
elevated creatine phosphokinase levels are commonly seen in lovastatin- 
treated patients. However, in clinical trials, approximately 0.5% of 
patients developed a myopathy, i.e., myalgia or muscle weakness 
associated with markedly elevated CPK levels. Myopathy should be con- 
sidered in any patient with diffuse "e muscle tenderness or weak- 
ness, and/or marked elevation of PK. Patients should be advised to 
report promptly unexplained muscle pain, tenderness, or weakness, par- 
ticularly if accompanied by malaise or fever. Lovastatin therapy should be 
discontinued if markedly elevated CPK levels occur or myopathy is diag- 
nosed or suspected. 

Most of the patients who have developed myopathy (including rhabdo- 
myolysis) while taking lovastatin were receiving concomitant therapy with 
immunosuppressive drugs, gemfibrozil, or lipid-lowering doses of nico- 
tinic acid. In clinical trials, about 30% of patients on concomitant 
immunosuppressive therapy including cyclosporine developed myop- 
athy; the corresponding percentages for gemfibrozil and niacin were 
approximately 5% and 2%, respectively. 

n 6 patients with cardiac transplants taking immunosuppressive ther- 
apy including cyclosporine concomitantly with lovastatin 20 mg/day, the 
average plasma level of active metabolites derived from lovastatin was 
elevated to approximately 4 times the expected levels. Because of an 
apparent relationship between increased eqni levels of active metabo- 
lites derived from lovastatin and bri, y, the daily dosage in patients 
taking immunosuppressants should not exceed 20 mg/day re DOSAGE 
AND ADMINISTRATION). Even at this dosage, the benefits and risks of 
using lovastatin in patients taking immunosuppressants should be care- 
fully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR* 
(Lovastatin, MSD), an attempt should be made to control hypercholester- 
olemia with appropriate diet, exercise, wer reduction in obese patients, 
and to treat other underlying medical pro lems (see INDICATIONS AND 
USAGE). 

Lovastatin may elevate creatine phosphokinase and transaminase lev- 
els (see ADVERSE REACTIONS). This should be considered in the differ- 
ential diagnosis of chest pain in a patient on therapy with lovastatin. 


Eye: There was a high prevalence of baseline lenticular opacities in the 
patient population included in the clinical trials with lovastatin. During 
these trials the appearance of new opacities was noted. The causal rela- 
tionship of lovastatin to these findings has not been established. 

Of 431 patients examined with slit lamp at baseline and during therap 
with lovastatin, 34 had opacities reported at the final examination (5 to 1 
months after starting lovastatin) that were not noted at baseline. On the 
other hand, in 45 patients, opacities observed at baseline were not noted 
at the final examination, so that the prevalence did not increase. There was 
no clinically significant change in visual acuity in the patients who had new 
opacities reported, nor was an patient, including those with opacities 
noted at baseline, discontinued from therapy because of a decrease in 
visual acuity. Nevertheless, until further experience is obtained, it is rec- 
ommended that patients placed on lovastatin therapy be examined with a 
slit ue before or shortly after initiation of treatment and annually 
thereafter. 


Homozygous Familial Hypercholesterolemia: MEVACOR is less 
effective in patients with the rare homozygous familial hypercholesterol- 
emia, possibly because these patients have no functional LDL receptors. 
MEVACOR appears to be more likely to raise serum transaminases (see 
ADVERSE REACTIONS) in these homozygous patients. 


Drug Interactions: Immunosuppressne Drugs, Gemfibrozil, Niacin 
(Nicotinic Acid), E rythromycin: See WARNINGS, Skeletal Muscle. 

Coumarin Anticoagulants: In a clinical trial in warfarin-treated patients 
designed specifically to observe a potential effect of lovastatin on the pro- 
thrombin time, lovastatin in dosages up to 40 mg b.i.d. did not produce 
any consistent alteration of the anticoagulant action of warfarin. However, 
since the drug was marketed, ond evident bleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin 
anticoagulants concomitantly with lovastatin. he causal relationship to 
lovastatin is unclear. Nevertheless, itis recommended that in patients tak- 
ing anticoagulants, prothrombin time be determined before starting lov- 
astatin and frequently enough during early therapy to insure that no 
significant alteration of prothrombin time occurs. Once a stable prothrom- 
bin time has been documented, prothrombin times can be monitored at 
the intervals usually recommended for patients on coumarin anticoagu- 
lants. If the dose of lovastatin is changed, the same procedure should be 
repeated. Lovastatin therapy has not been associated with bleeding or 
with changes in prothrombin time in patients not taking anticoagulants. 

Antipyrine: Antipyrine is a model for drugs metabolized by the micro- 
somal hepatic enzyme system (cytochrome P450 system). Because lov- 
astatin had no effect on the pharmacokinetics of antipyrine, interactions 
with other drugs metabolized via this mechanism are not expected. 

Propranolol: \n normal volunteers, there was no clinically significant 
pharmacokinetic or pharmacodynamic interaction with concomitant 
administration of single doses of lovastatin and propranolol. 

Digoxin: In patients with hypercholesterolemia, concomitant adminis- 
tration of lovastatin and digoxin resulted in no effect on digoxin plasma 
concentrations. 

Other Concomitant Therapy: Although specific interaction studies were 
not performed, in clinical studies, lovastatin was used concomitantly with 
beta blockers, calcium channel blockers, diuretics, and nonsteroidal anti- 
inflammatory drugs (NSAIDs) without evidence of clinically significant 
adverse interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: |n a 21-month 
carcinogenic study in mice, a statistically significant (p<0.05) increase in 
the incidence of hepatocellular carcinomas and adenomas was observed 
at doses of 500 mg/kg/day (312 times the maximum recommended 
human dose) of lovastatin. These changes were not seen in mice given 
doses of 20 and 100 mg/kg/day (12.5 and 62.5 times the maximum rec- 
ommended human dose). 

A statistically significant increase (p<0.05) in the incidence of pulmo- 
nary adenomas was seen in female mice receiving 500 mg/kg/day (312 
times the maximum recommended human dose); no similar changes 
were seen in males at any dose or in females receiving 20 or 100 mg/kg/ 
day (12.5 or 62.5 times the maximum recommended human dose). Be- 
cause the incidence of pulmonary tumors was within the range of 
untreated animals in studies of similar duration, the relationship of this 
latter change to treatment is not known. 

in addition, an increase in the incidence of papilloma in the non-glandu- 
lar mucosa of the stomach was observed in mice receiving 100 and 500 
mg/kg/day (62.5 and 312 times the maximum recommended human 
dose); no increase was seen at a dosage of 20 mg/kg/day (12.5 times the 
maximum recommended human dose). The glandular mucosa was not 
affected. The human stomach contains only glandular mucosa. Impor- 
tantly, there is a strong association between this change and hyperplasia 
of the squamous epithelium (acanthosis) in this region; acanthosis is a 
characteristic change observed in the non-glandular mucosa of rodents 
treated with HMG-CoA reductase inhibitors and is most probably a result 
of inhibition of the reductase in this tissue. 

Similar squamous epithelium is found in the esophagus and anorectal 
junction of the mouse and rat; however, no evidence of a similar drug- 
induced peal ge response was observed in these tissues in studies of 
up to 21 months in the mouse given u to 500 mg/kg/day (312 times the 
maximum recommended human ions, or in a study of 24 months in the 
= gen 180 mg/kg/day (112 times the maximum recommended human 

ose). 

In a 24-month carcinogenicity E in rats, there was a positive dose 
response relationship for hepatocellular carcinogenicity in males (unad- 
justed p — 0.025). However, because the incidence of hepatocellular car- 
cinogenicity observed in male rats in this study is similar to that observed 
spontaneously in this strain of rat, the implications of this finding are 
unclear. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains 0 Salmonella typhimurium with or without rat or 
mouse liver metabolic activation. In addition, no evidence of damage to 
genetic material was noted in an in vitro alkaline elution assay using rat or 
mouse hepatocytes, a V-79 mammalian cell forward mutation study, an in 
vitro chromosome aberration study in CHO cells, or an in vivo chromo- 
somal aberration assay in mouse bone marrow. 

No drug-related effects on fertility were found in studies with rats. 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

Lovastatin has been shown to produce skeletal malformations in the rat 
fetus at doses of 800 mg/kg/day (500 times the maximum recommended 
human — At similar doses in mice, an increase in skeletal malforma- 
tions was observed. These individual changes are within the range of 
those observed spontaneously in this strain of mouse. No drug-induced 
changes were seen in either species at doses of up to 80 mg/kg/day (50 
times the maximum recommended human dose). No evidence of malfor- 
mations was noted in rabbits at up to 15 mg/kg/day (highest tolerated dose 
—about 9 times the maximum recommended human dose). There are no 
data in pregnant women. 


Nursing Mothers: Studies in rats have shown that lovastatin is excreted in 
the milk. It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from MEVACOR, 
women taking lovastatin should not nurse their infants (see 
CONTRAINDICATIONS). 


Pediatric Use: Safety and effectiveness in children have not been estab- 
lished. Because children are not likely to benefit from cholesterol lowering 
for at least a decade and because experience with this drug is limited (no 
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studies in subjects below the age of 20 years), treatment of children with 
lovastatin is not recommended at this time. 


ADVERSE REACTIONS: MEVACOR® (Lovastatin. MSD) is generally well 
tolerated; adverse reactions usually have been mild and transient. Less 
than 1% of patients were discontinued from controlled clinical studies due 
to adverse experiences attributable to MEVACOR. About 2% of patients 
were discontinued from all studies (controlled and uncontrolled) due to 
adverse experiences attributable to EVACOR; about one-third of these 
patients were discontinued due to increases in serum transaminases. 


Clinical Adverse Experiences: Adverse experiences reported in patients 
treated with MEVACOR in controlled clinical studies are Shown in the table 


below: 
MEVACOR Placebo Cholestyramine Probucol 
(N=613) (N=82) = 88) = 97) 
% % % 
Gastrointestinal 
Constipation 4.9 — 34.1 2.1 
Diarrhea 5.5 4.9 8.0 10.3 
Dyspepsia 3.9 — 13.6 3.1 
Flatus 6.4 2.4 21.6 2.1 
Abdominal pain/cramps — 5.7 2.4 5.7 5.2 
Heartburn 1.6 — 8.0 — 
Nausea 4.7 3.7 9.1 6.2 
Musculoskeletal 
Muscle cramps 1.1 -— 1.1 
ejg 2.4 1:2 — — 
Nervous System/Psychiatric 
Dizziness 2.0 1.2 — 1.0 
Headache 9.3 4.9 4.5 8.2 
Skin 
Rash/pruritus 5.2 — 4.5 — 
Special Senses 
Blurred vision 1.5 — 1.1 3.1 
Dysgeusia 0.8 — 1.1 — 
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Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS). 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The 
corresponding values for the control agents were cholestyramine, 9% and 

robucol, 2%. This was attributable to the noncardiac fraction of CPK. 
arge increases in CPK have sometimes been reported (see WARNINGS, 
Skeletal Muscle). 


Concomitant Therapy: \n controlled clinical studies in which lovastatin 
was administered concomitantly with cholestyramine, no adverse reac- 
tions peculiar to this concomitant treatment were observed. The adverse 
reactions that occurred were limited to those reported previously with 
lovastatin or cholestyramine. Other lipid-lowering agents were not admin- 
istered concomitantly with lovastatin during controlled clinical studies. In 
uncontrolled clinical studies, most of the patients who have developed 
myopathy were receiving concomitant therapy with immunosuppressive 
oS pem or niacin (nicotinic acid) (see WARNINGS, Skeletal 
uscle). 


Uncontrolled Clinical Studies: The adverse experiences observed in 
uncontrolled studies were similar to those seen in controlled clinical 
studies. Abnormal liver function tests were observed at a higher incidence 
than in the controlled studies (see WARNINGS, Liver Dysfunction). Myop- 
athy (m algia with marked CPK elevations) was reported in approx- 
imately 0.5% of patients (see WARNINGS, Skeletal Muscle). 


Causal Relationship Unclear: Nervous System: Peripheral neuropathy 
has been reported; the relationship to lovastatin is uncertain. Visual 
evoked response, nerve conduction measurements, and electromyogra- 

hy in over 30 patients showed no evidence of neurotoxic effects of 
ovastatin. 

Special Senses: Of 431 patients examined with slit lamp at baseline and 
during therapy with lovastatin, 34 had opacos reported atthe final exam- 
ination (5 to 15 months after starting ovastatin) that were not noted at 
baseline. On the other hand, in 45 patients, opacities observed at baseline 
were not noted at the final examination, so that the prevalence did not 
increase (see PRECAUTIONS). 


Post-marketing Experience: Additional adverse experiences occurring 
since the drug was marketed are listed below: 
Clinical Adverse Experiences 
l Gastrointestinal: Hepatitis, cholestatic jaundice, anorexia, 
vomiting. 

Hypersensitivity Reactions: An apparent hypersensitivity s ndrome 
has been reported rarely which has inc uded one or more of the following 
features: anaphylaxis, angioedema, lupus-like syndrome, polymyalgia 
rheumatica, thrombocytopenia, leukopenia, hemolytic anemia, positive 
ANA. ESR increase, arthritis, arthralgia, urticaria, asthenia, photosensi- 
tivity, fever, and malaise. 


Nervous System/Psychiatric: Psychic disturbances, including 


anxiety; paresthesia. 
Causal Relationship Unknown 
Gastrointestinal: Pancreatitis, stomatitis. 
Skin: Alopecia. 
Nervous System/Psychiatnic: Depression, insomnia. 
Metabolic: Edema. 
Clinical LOO Test Findings 
Liver Function Tests: Liver function test abnormalities, including 
elevated alkaline phosphatase and bilirubin. 


OVERDOSAGE: The oral LDso of MEVACOR in mice is 20 g/kg. 

Five healthy human volunteers have received up to 200 mg of lovastatin 
as a ae dose without clinically significant adverse experiences. A few 
cases of accidental overdosage have been reported; no patients had any 
specific symptoms, and all patients recovered without sequelae. The max- 
imum dose taken was 52 20-mg tablets (1.04 9). 

Until further experience is obtained, no specific treatment of overdos- 
age with MEVACOR can be recommended. 

The dialyzability of lovastatin and its metabolites in man is not known at 
present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a stan- 
dard cholesterol-lowering diet before receivin MEVACOR and should 
continue on this diet during treatment with MEVACOR. MEVACOR should 
be given with meals. 
he recommended starting dose is 20 mg once a day given with the 
evening meal. The recommended dosing range is 20 to 80 mg/day in sin- 
le or divided doses; the maximum recommended dose is 80 mg/day. 
djustments of dosage should be made at intervals of 4 weeks or more. 
Doses should be individualized Wee to the patient's response (see 
Tables | to IV under CLINICAL PHARMACOLOGY, linical Studies for dose 
response results). 
or those patients with severely elevated serum cholesterol levels 
(i.e., >300 mg/dL [7.8 mmol/L] on diet), MEVACOR may be initiated at 40 


mg/day. 

In patients takin immunosuppressive drugs concomitantly wit 
lovastatin (see WARNINGS, Skeletal Muscle), the maximum recom- 
mended dosage is 20 mo. 

Cholesterol levels should be monitored riodically and consideration 
should be given to reducing the dosage of MEVACOR 
if cholesterol levels fall below the targeted range. MS D 
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For more detailed information, consult your MSD Representative or see 
Prescribing Information, Merck Sharp & Dohme, Division of Merck & 
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Intraoperative Demonstration of Coronary Collateral Flow Using 
Myocardial Contrast Two-Dimensional Echocardiography 


William D. Spotnitz, MD, Thomas L. Matthew, MD, Mark W. Keller, MD, Eric R. Powers, MD, 
and Sanjiv Kaul, MD 


q extent of coronary collateral vessels and their 

significance are controversial issues.! The controver- 
sy regarding collaterals in man is related, to a large ex- 
tent, to the lack of an appropriate method to assess collat- 
eral function in vivo. The most frequently used technique 
of assessing collateral blood vessels is coronary angiogra- 
phy. This technique, however, can only detect vessels 
2100 to 200 y in diameter.! It has been shown in animals, 
particularly dogs, that most of the collateral vessels are 
«100 u in diameter.! Furthermore, the angiographic as- 
sessment of collateral vessels is unrelated to the function- 
al capacity of these channels! 

Myocardial contrast echocardiography is a new tech- 
nique capable of demonstrating myocardial perfusion in 
humans.? This technique uses the intracoronary or intra- 
aortic injection of microbubbles of air. The size of these 
microbubbles is similar to that of red blood Cells, as is 
their intravascular rheology. The appearance of these 
microbubbles within regions of the myocardium remote 
from the site of injection should, therefore, reflect collat- 
eral flow. This technique has been shown to demonstrate 
collateral flow in dogs.4 
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We present data from 6 patients (4 men, 2 women, 
mean x 1 standard deviation age 59 + 8 years) undergo- 
ing coronary artery bypass surgery in whom significant 
coronary collateral flow, which was not anticipated by 
preoperative coronary angiography, was demonstrated 
intraoperatively using myocardial contrast echocardiog- 
raphy. Informed consent was obtained to perform intra- 
operative myocardial contrast echocardiography. The 
protocol was approved by the Human Investigation 
Committee of the University of Virginia. We have previ- 
ously demonstrated that this technique is safe in man? 

The preoperative coronary angiograms were reviewed 
by an expert blinded observer and the extent of collateral 
vessels was graded from 0 to 3 (0 = none, 1 = minimal, 2 
= moderate, 3 = extensive). The location of the collater- 
al vessels was also noted (such as from the right to the 
left anterior descending coronary artery). 

At baseline, before graft placement, 1.5 ml of sonicat- 
ed albumin prepared in our laboratory? was injected by 
hand into the cross-clamped aortic root during delivery 
of cardioplegia solution. This agent does not cause any 
appreciable effect on coronary and systemic hemody- 
namics.’ Two-dimensional echocardiography was per- 
formed by placing a 5-MHz (Biosound ND-256) trans- 
ducer directly on the anterior surface of the heart.ó The 
gain settings were optimized at the beginning of the study 
and were kept constant throughout the study. Data were 
stored on 0.5 inch videotape (VHS). 

Venous grafts were placed beyond the stenoses on all 
diseased right and left circumflex coronary arteries, 
while internal mammary artery bypasses were per- 
formed to the left anterior descending coronary artery. In 
all patients, the first distal anastamosis was performed 
to the vessel giving rise to the posterior descending artery 
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(right coronary artery in 5 patients and left circumflex 
coronary artery in 1). At this point, 1.5 ml of sonicated 
albumin was again injected into the aortic root during 
delivery of cardioplegia. The remainder of the surgery 
was completed in the usual manner. 

Data were analyzed on an off-line computer (Mipron 
system, Kontron E lectronics) using algorithms previous- 
ly described by us.’ The peak videointensity (arbitrary 
units) was measured in the left anterior descending arte- 
rial bed at baseline and after completion of the bypass 
graft to the posterior descending artery. The left anterior 
descending arterial bed was defined within the anterior 
interventricular septum and anterior wall. Background- 
subtracted peak videointensity in this bed at baseline and 
after posterior descending arterial bypass was compared 
using the Student's paired t test. The percent change in 
the background-subtracted peak videointensity was cor- 
related with the angiographic extent of collateral vessels 
using Spearman's rank correlation. 

The results of this study are summarized in Table I. 
The background -subtracted peak videointensity in the 
left anterior descending arterial bed in the 6 patients 
increased from a mean of 8 + 5 at baseline to 17 + 10 
during injections performed after graft placement to the 
posterior descending artery (p = 0.02). Figure 1 shows 
contrast echocardiograms from I patient at baseline and 
after completion of a bypass graft to the posterior de- 
scending artery. While no contrast effect is noted at base- 
line before injection of sonicated albumin, minimal con- 
trast effect is seen at this stage after injection of sonicat- 
ed albumin. In comparison, much greater opacification 
of the left anterior descending arterial bed is noted after 
revascularization of the posterior descending artery de- 
spite no revascularization to the left anterior descending 
artery. As expected, the posterior descending arterial bed 
also shows contrast opacification. 

The change in videointensity in the left anterior de- 
scending arterial bed between baseline and after place- 
ment of a venous graft to the posterior descending artery 
did not correlate well with the angiographic extent of 
collaterals (rho = 0.03). In 3 of the 6 patients (50%) no 
collaterals were noted angiographically, but the back- 
ground-subtracted videointensity in the left anterior de- 
scending arterial bed in these patients increased by a 
mean of 89 + 54% compared to baseline. 

This study implies that abundant collateral flow is 
present in patients with chronic coronary artery disease 
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and that myocardial contrast echocardiography could be 
used to study collateral flow in man. 

In addition to the presence of collateral vessels, there 
are other reasons that may have resulted in the enhanced 
contrast effect noted in the beds remote from the site of 
bypass graft placement. Contrast was injected under 
pressure, which may have resulted in a pressure gradient 
between the bypassed posterior descending artery and 
severely stenosed left anterior descending artery, causing 
otherwise closed collateral vessels to open. During cardio- 
plegia delivery there is maximal vasodilation of the mi- 
crocirculation probably induced by the cold temperature 
and the constituents of the perfusate," which could have 
resulted in maximal dilation of collateral vessels. It is, 
therefore, likely that intraoperative myocardial contrast 
echocardiography might demonstrate maximal collateral 
reserve, and thus, the functional capacity of the collateral 
channels. 

Apart from determining the presence of collateral 
flow and possibly collateral reserve, enhancement of myo- 
cardium remote from the site of injection might also 
suggest myocardial viability. This may be important es- 
pecially in regions showing reduced function preopera- 
tively. The presence of collaterals might predict the possi- 
ble return of function in these regions postoperatively. 
Conversely, lack of collaterals in regions with reduced 
function might indicate that revascularization of these 
regions might not be beneficial. We have not addressed 
these issues in the present study, but we are in the process 
of testing them on a prospective basis. 

In summary, we have demonstrated the existence of 
unanticipated collateral flow to the left anterior descend- 
ing arterial bed from the posterior descending coronary 
artery intraoperatively using myocardial contrast echo- 
cardiography. This technique may offer the unique op- 
portunity to study the coronary collateral circulation in 
humans. 
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Evidence for Enhanced Free Radical Activity in Chronic Congestive 


Heart Failure Secondary to Coronary Artery D 


J. McMurray, BSc, MB, J. McLay, PhD, MB, M. Chopra, MSc, PhD, A. Bridges, MB, MRCP, 


and J.J.F. Belch, BSc, MD 


Fis radicals may be involved in the genesis of cer- 

tain types of acute myocardial dysfunction (“reperfu- 
sion injury” and "stunning").!2 Free radicals could also 
be implicated in the development and progression of 
chronic myocardial impairment. Underlying coronary ar- 
tery disease may predispose to stunning. Repeated epi- 
sodes of stunning may lead to permanent myocardial 
dysfunction.? Additional factors could also favor free rad- 
ical generation in congestive heart failure (CHF ). Many 
other organ beds such as the kidneys and skeletal muscle 
undergo hypoperfusion /reperfusion cycles in patients 
with CHF, especially during exercise. Lactic acidosis 
may enhance hyperoxia in these tissues.4 Adrenergic ac- 
tivity is increased in CHF Catecholamines may aug- 
ment free radical generation by increasing mitochondrial 
respiration and undergoing autooxidation,©7 In support 
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FIGURE 1. Plasma malondialdehyde-like activity (MDA) in the 
and congestive heart failure (CHF) patients. 
) 


control group 


THE AMERICAN JOURNAL OF CARDIOLOGY MAY 15,1990 1261 


of these possibilities antioxidant therapy has been shown 
to protect against catecholamine cardiomyopathies in an- 
imals.*? We have therefore measured malondialdehyde- 
like material in patients with CHF . This may give some 
indication of lipid peroxidation, an injurious process to 
membranes mediated by free radicals." We have also 
measured plasma thiol concentration. Thiols are thought 
to act as free radical scavengers and reduction in plasma 
thiol levels may reflect oxidative stress. |! 

Twenty-nine patients (19 men) aged 50 to 79 years 
(mean 66) were studied. All had chronic (53 months’ 
duration) CHF. CHF was diagnosed on the basis of 
symptoms of breathlessness and fatigue associated with 
systolic dysfunction (isotopic left ventricular ejection 
fraction <45% or echocardiographic fractional shorten- 
ing of <35%). All patients had underlying coronary ar- 
tery disease (3 also had a history of h ypertension). All 
were treated with diuretics and a proportion received 
digoxin and conventional vasodi lators; none had received 
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FIGURE 2. Plasma thiol concentration (PSH) in the control 
group and congestive heart failure (CHF) patients. p «0.05 
(Mann Whitney). 











angiotensin-converting enzyme inhibitor. Twenty-seven 
patients were in New York Heart Association class II or 
III and 2 patients were in class IV heart failure. Fifteen 
age- (mean 60 years) and sex- (8 men) matched healthy 
control subjects were also studied. Both groups gave 
informed consent and the study was approved by the 
Hospital Committee on Medical Ethics. 

Venesection took place on the second day of hospital 
admission at approximately 2 P.M. Ten ml of blood was 
taken from a forearm antecubital vein after 20 minutes 
supine rest. Control samples were also collected in the 
early afternoon. Samples were placed in chilled lithium 
heparin tubes, processed and assayed immediately 
thereafter. Malondialdehyde-like material was mea- 
sured by the spectrophotometric method of Aust.'? Ab- 
sorbance was converted to concentration using an extinc- 
tion coefficient of 1.50 X 1 05 m^! cm". Plasma thiol 
was measured by the method of Ellman.!? This method 
uses the thiol-disulphide interchange reaction between 
5 -dithiobis-(2-nitrobenzoic acid) and biologic thiols 
as the basis for the analysis. The intra- and interassay 
coefficients of variation were, respectively, 5 and 6% for 
malondialdehyde and 2 and 3% for plasma thiol. 

The 2 groups were compared statistically using the 
Mann Whitney U test. Plasma malondialdehyde and 
thiol concentrations for the heart failure patients and the 
healthy control subjects are shown in Figures 1 and 2. 
Both measures were significantly different between 
groups; the CHF patients had higher malondialdehyde 
(p <0.001) and lower thiol concentrations (p <0.05). 

Free radicals cannot be measured directly in humans. 
Consequently indirect markers of their activity must be 
used. Usually evidence of oxidative damage to biomole- 
cules is sought.!9/!! It is not certain, however, that such 
changes are entirely specific for free radical toxicity. 
Therefore, though the demonstration of increased plasma 
malondialdehyde suggests free radical-mediated damage 
to lipids, such an abnormality could occur through other 
processes. !? Similarly, while a reduction in plasma thiol is 
believed to indicate free radical mediated sulphydryl 
group consumption, it is possible that some other mecha- 
nism could account for this change. Nevertheless, the 
finding of 2 independent abnormalities believed to reflect 
oxidative stress suggests that free radical activity may be 
increased in CHF. Definitive proof of this conclusion 
must, however, await improved methodology for detect- 
ing free radical activity. 

If it is correct that free radical activity is increased in 
CHF it may have important implications. Free radicals 
cause impairment of myocyte metabolism and contrac- 
tion.!4 Mitochondrial, sarcoplasmic reticular and enzy- 
matic function may be deranged.!^!5 Free radicals also 
depress the sarcolemmal calcium pump, resulting in re- 
duced calcium efflux and calcium overload, an important 
mechanism of myocyte dysfunction.'^ Free radicals cause 
endothelial dysfunction!’ and induce arrhythmias.'® Both 
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the pathologic processes we have identified, that is, lipid 
peroxidation and thiol group oxidation, can cause these 
derangements. Lipid peroxidation may cause disruption 
of membrane-bound enzymes and increase membrane 
permeability.!! Thiol group oxidation may directly inhib- 
it both membrane-bound and intracellular enzymes.!!+!? 

All these effects would be expected to worsen CHF 
and have the potential to initiate a vicious cycle of in- 
creasing free radical activity and decreasing cardiac func- 
tion. These initial observations suggest that a more exten- 
sive assessment of free radical generation and scavenging 
in CHF is worthwhile. If these preliminary findings are 
confirmed, scavenging agents may be of therapeutic use 
in this syndrome.?? 
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Comparative studies demonstrate that The low-osmolality choice 


nonionic media have a weaker inhibi- 
tory effect on clotting in vitro than 
ionic media! The new labeling 
changes recently required for con- 


If you're looking for the safety and 
comfort of a low-osmolality contrast 
medium, without the increased risk of 
clotting in vitro, Hexabrix is an ideal 





trast media reflect this difference in choice. 
» anticoagulant properties between With the lowest osmolality (per mg 
J nonionic and ionic media. iodine) of the low-osmolality agents, 

: When using any contrast agent, Hexabrix produces fewer hemody- 
good angiographic technique is namic changes, such as bradycardia 
essential. However, even when or hypotension, than conventional 
meticulous technique is applied, some ^ agents*s More importantly, as an ionic 

3 mixing of blood with contrast media in medium, Hexabrix exerts a stronger 
~ syringes and catheters is possible. inhibitory effect on clotting in vitro 
Thromboembolic events have been than the nonionics™ 
reported during angiographic pro- This unique combination of benefits 
T pr Contre with both ionic and nonionic makes Hexabrix the low-osmolality 
_ = contrast media. choice for arteriography and PTCA. 


HEXABRIX' 


(ioxaglate meglumine 39.3%/ 
loxaglate sodium 19.6% injection) 


* Please see the adjacent page for references and brief summary of prescribing 
information, including complete warning statement. 
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Eu. HEXABRIX* 
- Each milliliter of HEXABRIX contains 393 mg of ioxaglate 

. meglumine, 196 mg of ioxaglate sodium and 0.10 mg edetate 
= calcium disodium as a stabilizer. The solution contains 3.48 
|. mg (0.15 mEq) sodium in each milliliter and provides 32% 
" | (320 mg/mL) organically bound iodine. 


E CONTRAINDICATIONS 

= HEXABRIX is contraindicated for use in myelography. Refer to 
- .. PRECAUTIONS concerning hypersensitivity. Hysterosalpin- 
= gography should not be performed during the menstrual 

i Rem in pregnant patients; in patients with known infection 

vie any portion of the genital tract; or in patients in whom 

- cervical conization or curettage has been performed within 

— — 80 days. Arthrography should not be performed if infec- 

. Won is present in or near the joint. 
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E WARNINGS 
=  Jonic iodinated contrast media inhibit blood coagulation, in 
- . vitro, more than nonionic contrast media. Nonetheless, it is 
ors, |p to avoid prolonged contact of blood with syringes con- 
= ionic contrast media. 
Serious, rarely fatal, thromboembolic events causing 
„myocardial infarction and stroke have been reported during 
` angiographic procedures with both ionic and nonionic contrast 
= media. Therefore, meticulous intravascular administration 
technique is necessary, particularly during angiographic pro- 
= cedures, to minimize thromboembolic events. Numerous 
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- factors, including length of procedure, catheter and syringe 
; y material, underlying disease state, and concomitant medica- 
— tions may contribute to the development of thromboembolic 
events. For these reasons, meticulous angiographic tech- 
‘niques are recommended including close attention to guide- 
- wire and catheter manipulation, use of manifold systems 
. and/or three-way stopcocks, frequent catheter flushing 
- with heparinized saline solutions and minimizing the length 
of the re. The use of plastic syringes in place of glass 
ah has been reported to decrease but not eliminate 
.. the likelihood of in vitro clotting. 
- . — As with any contrast medium, serious neurologic sequelae, 
A - including permanent paralysis, can occur following cerebral 
D t riography. selective spinal arteriography and arteriography 
of vessels supplying the spinal cord. The injection of a contrast 
= medium should never be made following the administration 
— of vasopressors, since they strongly potentiate neuro- 
logic effects. 
In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deterioration, 
-including convulsions and death, has been reported. 
- . Therefore, administration of intravascular iodinated contrast 


-such instances anuria has developed, resulting in progressive 
uremia, renal failure and eventually death. Although neither the 
—  eontrast agent nor dehydration has separately proved to be the 


- 


- cause of anuria in myeloma, it has been speculated that the 
- . Combination of both may be a causative factor. The risk in 
= myelomatous patients is not a contraindication to the pro- 
= Cedure; however, partial dehydration in the preparation of 
- . these patients for the examination is not recommended since 
i this may predispose to precipitation of myeloma protein in 
— — he renal tubules. No form of therapy, including dialysis, has 
m. been successful in reversing the effect. Myeloma, which 
.. occurs most commonly in persons over 40, should be con- 
sidered before instituting intravascular administration of 
contrast agents. 
Administration of radiopaque materials to patients known 
or suspected to have pheochromocytoma should be per- 
— formed with extreme caution. M, in the opinion of the 
_ physician, the possible benefits of such procedures outweigh 
- the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The blood pressure should be 
assessed throughout the procedure, and measures for treat- 
-ment of a hypertensive crisis should be available. 
Since intravascular administration of contrast media may 
- promote sickling in individuals who are homozygous for sickle 
cell disease, fluid restriction is not advised. 
TAR In patients with advanced renal disease, iodinated contrast 
-—— — media should be used with caution and only when the need for 
. . the examination dictates, since excretion of the medium may 
be impaired. Patients with combined renal and hepatic 
. disease, those with severe hypertension or congestive heart 
failure and recent renal transplant recipients present an 
. additional risk. 
- . Renal failure has been reported in patients with liver 
- . — dysfunction who were given an oral cholecystographic agent 
followed by an intravascular iodinated radiopaque agent and 
— — — also in patients with occult renal disease, notably diabetics and 
hypertensives. In these classes of patients there should be no 
- fluid restriction and every attempt made to maintain normal 
hydration prior to contrast medium injection, since dehydra- 
tion is the single most important factor influencing further 
. renal impairment. 
Caution should be exercised in performing contrast 
medium studies in patients with endotoxemia and/or those 


with elevated body temperatures. migraine. — — — wheezing, which may be initial manifestations of more severe — 5. Hirshfeld JW, Laskey W, Martin JL, et al. Hemodynamic 

Reports of thyroid storm occurring following the intra- Intra-Arterial Digital Subtraction Angiography: The risks and infrequent reactions including asthmatic attack, laryngo- changes induced by daa rart aer À Abakai com- 

EE vascular uso of lodinated radiopaque agents in patients with associated with IA-DSA are those usually attendant with cathe- spasm and bronchospasm with or without edema, pulmonary parison with diatrizoate. J Am Coll Cardiol. 1983;2:954-957. 
eo hyperthyroidism or with an autonomously functioning thyroid ter procedures. Following the procedure, gentle pressure edema, apnea and cyanosis. Rarely, these allergic-type 6. Svenson RH. Comparison of hemodynamic effects of Hex- 


nodule, suggest that this additional risk be evaluated before 
use of this drug. lodine-containing contrast agents may alter 
the results of thyroid function tests which depend on iodine 
" estimation, e.g., PBI, and may also affect results of radioactive 
E iodine uptake studies. Such tests, if indicated, should be per- 
formed prior to the administration of this preparation. 


PRECAUTIONS 
Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled and experienced in the particular 
procedure to be performed. All procedures utilizing contrast 
media carry a definite risk of producing adverse reactions. 
While most reactions are minor, life-threatening and fatal reac- 
tions may occur without warning, and this risk must be 


~ tion should occur, immediately discontinue administration. 
à Since severe delayed reactions have been known to occur, 

facilities and competent personnel should be avail- 
able for at least 30 to 60 minutes after administration. (See 
ADVERSE REACTIONS.) 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, young children, the elderly, 
with pre-existing renal insufficiency, patients with 
myeloma, patients w 


multiple myeloma, patients with advanced vascular disease 


Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
patients (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore, 
careful consideration of the potential risks should be given be- 
fore performing this radiographic procedure in these patients. 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other man- 
ifestations of allergy has been established. The possibility of an 
idiosyncratic reaction in patients who have previously received 
a contrast medium without ill effect should always be consid- 
ered. Prior to the injection of any contrast medium, the patient 
should be questioned to obtain a medical history with empha- 
sis on allergy and hypersensitivity. A positive history of bron- 
chial asthma or allergy (including food), a family history of 
allergy. or a previous reaction or hypersensitivity to a contrast 
agent may imply a greater than usual risk. Such a history may 
be more accurate than pre-testing in predicting the potential for 
reaction, although not necessarily the severity or type of reac- 
tion in the individual case. A positive history of this type does 
not arbitrarily contraindicate the use of a contrast agent when a 
diagnostic procedure is thought essential, but does call for 
caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present with 
a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the inci- 
dence of reaction is two to three times that of the general 
population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection and 
for 24 hours after injection. Antihistamines should be adminis- 
tered within 30 minutes of the contrast medium injection. 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. A separate syringe should be 
used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients; however, à higher 
incidence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase 
the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


Pediatric Angiocardiography: \t is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart fail- 
ure, since this may lead to increased right side pressures with 
subsequent bradycardia and systemic hypotension. Patients 
with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis are 
more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing jess than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with or without left 
ventriculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable. 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility of 
aggravating the pre-existing condition. Hypotension should be 
corrected promptly since it may result in serious arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) in- 
jections. This change is usually transient and requires no 
treatment: however, the blood pressure should be monitored 
for approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especially important in patients with 
severe arterial disease. 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis, severe hypertension, cardiac decompen- 
sation, senility, recent cerebral thrombosis or embolism, and 


hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 
hemorrhage from the site of arterial puncture. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasation. The potential risk is re- 
duced when small test injections of contrast medium are made 
under fluoroscopic observation to insure that the catheter tip is 
properly positioned and, in the case of peripheral placement, 
that the vein is of adequate size. 

Patient motion, including respiration and swallowing, can 


thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. 

Extreme caution during injection of contrast media is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especially important in patients with 
severe arterial or venous disease. 

Excretory Urography: Infants and small children should 
not have any fluid restrictions prior to excretory urography. 
(See WARNING and PRECAUTIONS concerning preparatory 
dehydration.) " 
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Contrast Enhancement in Body Computed Tomography: 
Patient cooperation is essential since patient motion, including 
respiration, can markedly affect image quality. The use of an 
intravascular contrast medium can obscure tumors in patients 
undergoing CT evaluation of the liver, resulting in a false nega- 
tive diagnosis. Dynamic CT scanning is the procedure of 
choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pre- 
vent the introduction of infection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure not be exerted during the injection. 

Hysterosalpingography: Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure. 
Delayed onset of pain and fever (1-2 days) may be indicative of 
pelvic infection. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males 
or females. 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence of 
impaired fertility or harm to the fetus due to HEXABRIX. There 
are, however, no adequaie and well controlled studies in preg- 
nant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: loxaglate salts are excreted unchanged in 
human milk. Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of 
this drug. 

Pediatric Use: Safety and effectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography. Data have not been submitted to sup- 
port the safety and effectiveness of HEXABRIX in any other 
indication. 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
categories: chemotoxic reactions and idiosyncratic reactions. 
Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 


= media in lhese patients should be undertaken with caution. PRECAUTIONS FOR of injection. All hemodynamic disturbances and injuries tory difficulties. Visual field defects with anopsia and reversible 
ij A definite risk exists in the use of intravascular contrast to organs or vessels perfused by the contrast medium are neurological deficit lasting from 24 hours to 48 hours have 
agents in patients who are known to have multiple myeloma. In SPECIFIC PROCEDURES included in this category. been reported. Confusion, disorientation with hallucination, 


Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years old. 
Idiosyncratic reactions may or may not be dependent on the 
dose injected, the speed of injection, the mode of injection and 
the radiographic procedure. Idiosyncratic reactions are 
subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, all of the side effects and toxicity 
associated with agents of this class are theoretically possible, 
and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents. Most deaths occur during injection or 5 to 10 minutes 
later: the main feature being cardiac arrest with cardiovascular 
disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the 
administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 
10,000 patients (0.01 percent). 

Regardless of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. 
Cardiac decompensation, serious arrhythmias, or myo- 
cardial ischemia or infarction may occur during coronary 
arteriography and left ventriculography. 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth. These are usually of 
brief duration. In double-blind clinical trials, HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following: 

Hypersensitivity reactions: Dermal manifestations of 
urticaria with or without pruritus, erythema and maculopapu- 
lar rash. Dry mouth. Sweating. Conjunctival symptoms. 
Facial, peripheral and angioneurotic edema. Symptoms 
related to the respiratory system include sneezing, nasal 
stuffiness, coughing, choking, dyspnea, chest tightness and 


reactions can progress into anaphylaxis with loss of con- 
sciousness, coma, severe cardiovascular disturbances, 
and death. 
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Cardiovascular reactions: Generalized vasodilation, flush- 
ing and venospasm. Occasionally thrombosis or, rarely, 
thrombophlebitis. Extremely rare cases of disseminated 
intravascular coagulation resulting in death have been 
reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency, cardiac 
arrhythmia, fibrillation and arrest. These severe reactions are 
usually reversible with prompt and appropriate management; 
however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, 
hematomas, ecchymosis and tissue necrosis, vascular 
constriction due to injection rate, thrombosis and 
thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syn- 
cope, paresis, paralysis resulting from spinal cord injury and 
pathology associated with the syndrome of transverse 
myelitis, visual field losses which are usually transient but may 
be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills 
without fever, hyperthermia and lightheadedness. Temporary 
renal shutdown or other nephropathy. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without left 
ventriculography, patients may have Clinically insignificant 
ECG changes. The following adverse effects have occurred in 
conjunction with the administration of iodinated intravascular 
contrast agents for this procedure: hypotension, shock, 
anginal pain, myocardial infarction, cardiac arrhythmias 
(bradycardia, ventricular tachycardia, ventricular fibrillation) 
and cardiac arrest. Fatalities have been reported. Com- 
plications to the procedure include dissection of coronary 
arteries, dislodgement of atheromatous plaques, perforation, 
hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and 
thrombosis have occurred at the puncture site of the per- 
cutaneous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral arteriographic adverse reac- 
tions appear to be repeated injections of the contrast material, 
administration of doses higher than those recommended, the 
presence of occlusive atherosclerotic vascular disease and the 
method and technique of injection. Adverse reactions are nor- 
mally mild and transient. A feeling of warmth in the face and 
neck is frequently experienced. infrequently, a more severe 
burning discomfort is observed. Transient visual hallucina- 
tions have been reported. Serious neurological reactions that 
have been associated with cerebral angiography and not listed 
under Adverse Reactions include stroke, amnesia and respira- 


and absence of vision sometimes lasting for one week have 
also been reported. Cardiovascular reactions that may occur 
with some frequency are bradycardia and either an increase or 
decrease in systemic blood pressure. The blood pressure 
change is transient and usually requires no treatment. 
Arthrography may induce joint pain or discomfort which is 
usually mild and transient but occasionally may be severe 
and persist for 24 to 48 hours following the procedure. 
Effusion requiring aspiration may occur in patients with 
rheumatoid arthritis. Fever and pain, cramping and tender- 
ness of the abdomen have been reported following 
hysterosalpingography. 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage 
are life-threatening and affect mainly the pulmonary and car- 
diovascular systems. The symptoms may include cyanosis, 
bradycardia, acidosis, pulmonary hemorrhage, convulsions, 
coma and cardiac arrest. Treatment of an overdose is directed 
toward the support of all vital functions and prompt institution 
of symptomatic therapy. 

loxaglate salts are dialyzable. 

The intravenous LDs9 values of HEXABRIX (in grams of 
iodine/kilogram body weight) were 11.2 g/kg in mice, > 8 
g/kg in rats, >6.4 g/kg in rabbits and > 10.2 g/kg in dogs. 


DOSAGE AND ADMINISTRATION 
Details on dosage are are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE. 

Rev. Nov. 1989. 
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Acute Coronary Occlusion After Percutaneous Transluminal 
Angioplasty of the Right Coronary Artery 


Kevin J. Vaska, MD, Joy M. Nonnweiler, MS, and Frank E. Cummins, MD 


Eos transluminal coronary angioplasty 
(PTCA) of the right coronary artery (RCA), espe- 
cially the proximal segment, has been reported to be a risk 
factor for acute coronary occlusion, ? a point that has not 
been confirmed in more recent studies.? While intimal 
dissection at the site of dilatation seems to be the predom- 
inant mechanism, coronary thrombosis, embolization to 
distal segments, wall perforation or spasm can also lead to 
this major complication.*? Certainly, improved operator 
experience and equipment have contributed to the de- 
crease in acute coronary occlusion; yet it remains the 
major cause for morbidity and mortality associated with 
PTCA.* This study evaluates angiographic causes of 
acute occlusion for single-artery, single-stenosis PTCA of 
each of the 3 major coronary arteries to obtain a better 
idea of any inherent risks associated with RCA angio- 
plasty. 

The analysis population included 734 consecutive 
patients with unstable angina (i.e., new onset angina 
within 8 weeks, progressive angina or angina at rest) at 
St. Luke's Hospital from January 1982 to December 
1988. Patients with multivessel and/or multilesion dis- 
ease, acute myocardial infarction, prior myocardial in- 
farction, prior coronary artery bypass grafting and 
branch disease of the main coronary arteries were ex- 
cluded. The remainder had a high-grade stenosis (70 to 
9976 diameter narrowing) in a single, major epicardial 
vessel. Proximal disease was defined as a lesion before 
the first major branch—acute marginal branch for the 
RCA, first septal perforator for the left anterior de- 
scending artery and first marginal branch for the left 
circumflex artery. Of this group, 177 (24%) had PTCA 
of the RCA (dominant vessels), 365 (50%) had PTCA of 


| y the left anterior descending artery and 192 (26%) had 


». 


PTCA of the left circumflex artery. 
An initially successful PTCA was defined as a >20% 


|! decrease in luminal narrowing with a residual stenosis 


` diameter <50% and normal blood flow velocity distal to 
the site of dilatation. Primary coronary vascular events 
were represented by coronary dissection (i.e., curvilinear 
intraluminal filling defect impinging over 5096 of the 
diameter), thrombus, spasm, embolism or perforation. 
Acute closure was defined as clinical or electrocardio- 
gram evidence of recurrent myocardial ischemia in the 
first 24 hours after the completed procedure, either in or 
out of the catheterization laboratory, and confirmed by 
repeat angiography. Two independent angiographers re- 
viewed all angiographic studies. 
All patients were premedicated with aspirin (325 mg/ 
day), calcium antagonists and dipyridamole. Heparin 
was given in a routine fashion during the procedure and 
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all patients were monitored in a postprocedure ward for 
at least 24 hours. All patients were left on a heparin 
infusion until the sheaths were removed the next morn- 
ing (i.e., at least 16 hours), and medicated with cutane- 
ous nitroglycerin, calcium antagonists, aspirin and dipy- 
ridamole. 

In this cohort study, variables on entry were com- 
pared using chi-square or Fischer's exact test depending 
on expected cell frequencies. Final angiographic out- 
come, by mechanism of acute coronary occlusion and 
site, was compared by incidence rates to the RCA group. 
Significance testing was accomplished using both the 
chi-square statistic and the relative risk (i.e., significant 
if 21), to show an association with increased risk for the 
RCA group. 

These patients were similar in most baseline clinical 
characteristics (Table I), except left ventricular ejection 
fraction, which tended to be lower on average for the left 
anterior descending group. The acute coronary occlusion 
incidence rate (i.e., risk) was 6.8% for the RCA, 5.5% for 
the left anterior descending artery group and 3.195 for 
the left circumflex (p <0.01) group (Table II). Thus, a 
trend for more acute coronary vascular complications 
existed in the RCA group, although this reached statisti- 
cal significance only when compared to the left circum- 
flex group. Dissection occurred more often in the RCA 
group, although it again reached statistical significance 
only when compared to the left circumflex group. No 
RCA dissections were ostial. Spasm at the dilatation site 
was also more likely in the RCA group. Intraluminal 
thrombus, distal coronary embolization and wall perfo- 
ration rates were similar in all 3 groups, with the latter 2 
coronary vascular complications being rare in this study. 

Proximal RCA dilatation proved to be associated 
With a significantly increased risk of acute coronary oc- 
clusion when compared to similar segments of the re- 
maining 2 arteries, and compared to the distal RCA (p 
<0.01) (Table III). Conversely, distal RCA dilatation 
had a much lower risk for acute coronary occlusion when 
compared to similar segments of the other 2 vessels. 

Analysis of earlier studies revealed that RCA dilata- 
tion was a risk factor for acute coronary occlusion with 
dissection as the major mechanism.! ? Subsequent studies 
have not substantiated this finding, perhaps reflecting 
multiple factors including operator experience, better 
equipment with lower profiles and steerability and im- 
proved balloon inflation protocols.? However, these stud- 
ies have been confounded by the large number of pro- 
posed predictors for acute coronary occlusion after 
PTCA, including clinical variables (i.e., female gender, 
hypertension, angina class and so forth), angiographic 
variables (i.e., multivessel disease, length and eccentricity 
of lesion and so forth) and procedural variables (i.e., 
residual gradient and stenosis, heparin infusion and so 
forth).! 
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TABLE I Baseline Clinical Characteristics* 
Coronary Artery 


LC (%) 


Right (%) 


55 
80 


LAD (%) 


57 
77 


60 
80 


Mean age (yrs) 

Men (%) 

Ejection fraction (% patients) 
>0.50 252 (69)! 
0.30 to 0.50 18 (10) 88 (24)! 31 (16) 
«0.30 3(2) 25 (7) 7 (4) 

* No significant differences in the incidence of diabetes mellitus, hypertension, 
hypercholesterolemia or tobacco abuse; ! p «0.05 compared with right coronary 


artery group. 
LAD = left anterior descending artery; LC = left circumflex artery. 


156 (88) 154 (80) 


TABLE Il Comparison of Angiographic Causes for Acute 
Coronary Occlusion by Vessel Dilatation 


Coronary Artery 

Right LAD LC 

No. (%) No. (%) No. (%) 
Dissection 6 (3.4) 9 (2.5) 1.4 2 (1.0*) 3.4 
Thrombus 1 (0.6) 7 (1.9) 0.3 2 (1.0) 0.6 
Spasm 5 (2.8) 2 (0.6*) 4.7 1(0.5*) 5.6 
Embolism o (0) 1 (0.2) 0 1(0.5) 0 
Perforation 0(0) 1 (0.2) 0 0(0) 0 


* p «0.05 compared with right coronary artery group. 
RR = relative risk compared to right coronary artery. 


For the purposes of this study, we used very exclusive 
criteria with a population that was quite homogenous in 
all variables, thereby minimizing bias. By focusing on 
post-PTCA dilatation site morphology, we were able to 
show that the mechanism for acute coronary occlusion 
does differ among the 3 major epicardial arteries, even in 
a high-volume practice with advanced operator experi- 
ence and equipment. As expected, overall complications 
were low in this subset of patients with single-vessel dis- 
ease and good left ventricular function.*° 

The overall rate for acute closure in this cohort (i.e., 
5.2%) approximates that found in other studies.'?^6 
However, despite the advent of improved skills and equip- 
ment, PTCA of the RCA has a significantly higher risk 
compared to the left anterior descending artery and left 
circumflex artery groups. As with the first National 
Heart, Lung, and Blood Institute Registry report, the 
predominant mechanism for acute coronary occlusion 
was dissection at the site of PTCA, with a disconcordant 
proportion occurring in the RCA.!? In our study, spasm 
at or proximal to the site of dilatation was also more 
common in the RCA, despite the intensive medical regi- 
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TABLE Ill Incidence of Acute Coronary Occlusion by 
Segment Dilatation 


Coronary Artery 
Right (95) LAD (96) LC (96) 
Segment 
Proximal 12/149 (12.7) 10/240 (4.2)* 1/55(1.8)* 
Distal 0/28 (0) 10/125 (8.0)* 5/137 (3.6)! 


* p «0.01 compared with right coronary artery group; t p «0.05 compared with 
right coronary artery group. 


men. Thus, even though the risk in the RCA decreased 
with improved PTCA, both spasm and dissection play a 
disproportionate role in the generation of this complica- 
tion. Whether this represents PTCA over-aggressiveness 
in the larger and more tortuous RCA, a difference in its 
rheology leading to decreased patency after PTCA, an 
activation of the Bezold-Jarisch reflex with hypotension 
and diminished flow, a difference in its collateral blood 
supply or a unique response to reperfusion injury of the 
inferior wall, the reasons for continued risk in RCA dila- 
tation remain unknown. 

Early data suggested that PTCA of the proximal seg- 
ment of the RCA was a risk factor for acute coronary 
occlusion. Our study confirms those impressions and im- 
plicates coronary spasm as well as dissection for mecha- 
nisms. In turn, distal dilatations in the left anterior de- 
scending or left circumflex arteries were associated with a 
significantly increased risk of acute coronary occlusion 
when compared to the distal RCA. 

These results confirm that PTCA of the proximal 
RCA continues to be a risk factor for acute coronary 
occlusion after PTCA, with coronary spasm as well as 
intimal dissection accounting for the mechanisms. These 
complications must be anticipated when planning the 
procedure. 
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Comparison of Effects of Nitrendipine Versus Hydrochlorothiazide 
on Left Ventricular Structure and Function and Neurohumoral Status 


in Systemic Hypertension 


Thomas D. Giles, MD, Gary E. Sander, MD, PhD, Louise E. Roffidal, MPH, and Arthur Mazzu, PhD 


W: compared the effects of nitrendipine, a dihydro- 
pyridine calcium antagonist, with those of hydro- 
chlorothiazide during treatment for approximately 1 year 
in 32 patients with mild or moderate systemic hyperten- 
sion. To obtain comparable decrease in blood pressure 
(BP) in the 2 treatment groups, a second antihypertensive 
drug was added when necessary. Left ventricular (LV) 
function was assessed using M-mode echocardiography 
and neurohumoral status was assessed by serial measure- 
ments of plasma-renin activity and norepinephrine con- 
centrations. 

The study population consisted of 32 patients with 
sitting diastolic BP =95 mm Hg and <115 mm Hg 
without medication. The protocol was approved by the 
Institutional Review Board on the Use of Humans in 
Research and informed consent was obtained from each 
patient before entry into the study. Subjects who were 
already receiving antihypertensive medications had their 
drugs gradually withdrawn over 7 days and continued 
without medication for an additional week before study. 
The subjects were then given placebo capsules twice dai- 
ly for 2 weeks. The subjects were seen weekly and were 
considered to be hypertensive if their diastolic BP (phase 
IV) when seated was =95 mm Hg during the placebo 
period. BP was recorded with a sphygmomanometer; the 
average of 3 recordings obtained over a period of 5 min- 
utes was used. 
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FIGURE 1. Effects of nitrendipine (NTP) 
and hydrochlorothiazide (HCTZ) treatment 
on sitting blood pressure over a 12-month 
period. 
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Effect of NTP and HCTZ on Blood Pressure 





Baseline 


* P«0.05 Compared to Baseline 
T P «0.05 Between Treatments 


Exclusion criteria were labile hypertension, serum 
creatinine >2 mg/dl, recent (within 3 months) myocardi- 
al infarction, clinically evident heart failure, major car- 
diac arrhythmia or conduction disturbances and gout. 

The study was initiated as a randomized, double- 
blind parallel study with qualified subjects receiving ei- 
ther nitrendipine 10 mg twice daily or hydrochlorothia- 
zide 50 mg daily. Subjects were seen every 2 weeks for 8 
weeks, after which time the study became unblinded. 
Subjects who had responded satisfactorily to treatment, 
i.e., with seated diastolic BP «95 mm Hg and 25 mm 
Hg decrease in diastolic BP from baseline, were contin- 
ued on their initial medication. If nitrendipine 10 mg 
twice daily was not effective by the end of 8 weeks, it was 
increased to 30 mg twice daily for 2 additional weeks. If 
target BP was still not attained, a 8 blocker was added. 
For patients whose BP was not responsive to hydrochlo- 
rothiazide 50 mg daily, B blockers, clonidine or in- 
creased hydrochlorothiazide in combination with a po- 
tassium-sparing agent were added and the dose adjusted 
at 2-week intervals until the BP was controlled. After BP 
control was achieved, subjects were seen monthly for a 
period of 1 year. 

M -mode echocardiograms were recorded at baseline 
and after 6 and 12 months of therapy. Interpretations 
were performed by 2 investigators in a blinded fashion 
and technically unsatisfactory recordings were eliminat- 
ed. Cardiac dimensions were measured using standard 
techniques.! LV mass was calculated according to the 
following formula: LV mass (g) = 1.04 ([LV internal 
dimension in diastole + LV posterior wall dimension in 
diastole + ventricular septal dimension in diastole]? — 





ll NTP (N-17) 
Æ HCTZ (N-15) 
T Std. Error 
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Effect of NTP and HCTZ on 


LV Fractional Shortening ce 
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FIGURE 2. Effects of nitrendipine and 
hydrochlorothiazide on left ventricular 
(LV) fractional shortening over a 12- 
month treatment period; normal range is 
28 to 44%. 


Mean LVFS (%) 


Baseline 2 Mos. 

NTP: N=15 N=11 

HCTZ: N=9 N=9 
* P<0.05 Compared to Baseline 





Effect of NTP and HCTZ on PRA 
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FIGURE 3. Effects of nitrendipine and 
hydrochlorothiazide on plasma-renin 
activity (PRA) over a 12-month treatment 
period. 


Mean PRA (ngAi/ml/90 min) 


Baseline 





Effect of NTP and HCTZ on Plasma Norepinephrine 


M@ NTP (N=13) 
88 HCTZ (N- 12) 
T Std. Error 


FIGURE 4. Effects of nitrendipine and 
hydrochlorothiazide on plasma norepi- 
nephrine during 12 months of treatment. 


Mean Plasma Norepinephrine (pg/ml) 


Baseline 6 Mos. 


* P«0.05 Compared to Baseline 
T P=0.0737 
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[LV internal dimension in diastole]*) — 14 g. Left atrial 
emptying index was measured in the manner described 
by Dreslinski et al 

Plasma-renin activity and norepinephrine were deter- 
mined at baseline and after 6 and 12 months of therapy. 
Blood samples were collected with the subjects seated for 
15 minutes after 22 hours of ambulation. Plasma-renin 
activity (ng angiotensin I generated/ml/90 min) was 
measured using a clinical assays plasma renin kit. Plas- 
ma norepinephrine (pg/ml) was measured by radio- 
enzymatic assay in the laboratory of Dr. Myron Wein- 
berger, Indiana University Medical Center, Indianap- 
olis, Indiana. 

Intergroup comparisons were made using a t test for 
independent measures. Intragroup comparisons were 
performed using a t test for related measures. 

Thirty-two patients met the criteria for randomiza- 
tion. The nitrendipine group included 17 patients (14 
men and 3 women, 6 whites and 11 blacks, mean age 63 
years [range 56 to 77] and mean weight 175 pounds 
[range 137 to 210]). The hydrochlorothiazide group 
comprised 15 patients (13 men and 2 women, 3 blacks 
and 12 whites, mean age 62 years [range 52 to 80] and 
mean weight 176 pounds [range 130 to 267]). There were 
no significant intergroup differences for any of the de- 
mographic characteristics. 

Satisfactory BP control was achieved in 15 of 17 
patients in the nitrendipine group solely by manipulation 
of nitrendipine dosage. It was necessary to add addition- 
al antihypertensive drugs to 8 of the 15 patients in the 
hydrochlorothiazide group to maintain BP control; 2 
patients required 2 additional drugs. The final dose regi- 
men for the nitrendipine group included 17 patients re- 
ceiving a mean nitrendipine dose of 31 mg and 2 addi- 
tional patients receiving 8 blockers. Of those 15 patients 
receiving hydrochlorothiazide 50 mg daily, 3 also re- 
ceived B blockers, 3 received centrally acting antihyper- 
tensives and 4 received potassium-sparing drugs. 

There was a decrease of both systolic and diastolic 
BP in both groups at both 6 and 12 months of therapy 
(Figure 1). Diastolic BP decrease was greater in the 
nitrendipine group at 12 months than in the hydrochlo- 
rothiazide group. Heart rate did not change significantly 
for either group. 

Echocardiographic measurements are listed in Table 
I. Before study entry, subjects in both the nitrendipine 
and hydrochlorothiazide groups had normal LV dimen- 
sions and LV mass index. Baseline LV fractional short- 
ening and left atrial emptying index were below normal, 
indicating decreased systolic and diastolic function, re- 
spectively. LV fractional shortening was improved in the 
nitrendipine group after 12 months of therapy (endpoint, 
Figure 2), whereas left atrial emptying index was un- 
changed. Otherwise, echocardiographic measurements 
were not changed by treatment in either group. 

Plasma-renin activity was normal at baseline for 


both the nitrendipine and hydrochlorothiazide groups; 


plasma-renin activity increased, but changes did not 
reach significance after 6 months nor at the end of treat- 
ment (Figure 3). Plasma norepinephrine increased sig- 










Nitrendipine Hydrochlorothiazide 
No. Group No. Group 






TABLE I Effect of Nitrendipine and Hydrochlorothiazide on 
Echocardiographic Parameters 





LV mass index (g/m?) 














Baseline 14 95+ 26 8 102 € 19 

2 months 9 122+ 33 8 104+ 21 

6 months 12 100415 6 108 + 38 

Endpoint 14 106+ 34 8 106+ 17 
Left atrial emptying index 

Baseline 16 0.55+0.13 11 0.54 + 0.08 

2 months 14 0.54 +0.16 11 0.56 € 0.11 

6 months 13 0.52 € 0.14 11 0.53107 

Endpoint 16 0.531 0.15 11 0.57 € 0.10 
LV fractional shortening (96) 

Baseline 15 1916 9 24411 

2 months 11 2547 9 27+11 

6 months 13 33410 9 35411 

Endpoint 15 35 € 12 9 33 £10 






Left ventricular (LV) mass index, normal 75 + 5 g/m*; left atrial emptying index, 
normal 0.82 + 0.03; LV fractional shortening, normal 36 + 8%. 






nificantly at 6 months and at endpoint in the nitrendipine 
group (Figure 4); norepinephrine also tended to increase 
in the hydrochlorothiazide group (p «0.05 at 6 months 
and p = 0.07 at endpoint). 

Seventeen patients in the nitrendipine group reported 
adverse experiences; there were reports of headache, ede- 
ma, dizziness and fatigue and 1 complaint each of nau- 
sea, diarrhea or impotence. Six patients in the hydro- 
chlorothiazide group reported potential drug-related 
symptoms; 2 described fatigue and drowsiness and there 
was 1 complaint of headache, dizziness, claudication, 
sweating and shivering. 

Nitrendipine monotherapy successfully controlled BP 
in 88% of patients at 6 and 12 months of treatment. Our 
data are similar to those reported by Drayer et al? We 
were unable to maintain target BP control in 5396 of the 
patients with hydrochlorothiazide 50 mg daily alone. Ad- 
ditional drugs provided control in each of these patients. 
The relatively high initial dose of hydrochlorothiazide 
reflects practice patterns of antihypertensive drug treat- 
ments at the time the study was planned; presently, lower 
doses of hydrochlorothiazide would be advised. 

The subjects in this study did not have echocardio- 
graphic evidence of LV hypertrophy before randomiza- 
tion. The reported incidence of increased LV mass in 
patients with hypertension, as determined echocardio- 
graphically, is nearly 50%.* The absence of LV hypertro- 
phy in our subjects may reflect prior antihypertensive 
treatment or mild disease. Maximum regression of LV 
hypertrophy may already have occurred as a result of 
prior therapy. Clearly, prior treatment must be consid- 
ered when assessing changes in LV function in a prospec- 
tive trial. 

Echocardiographic evidence of both LV systolic and 
diastolic dysfunction was present in both groups upon 
entry into the study (Table I). Improvement in systolic 
function by nitrendipine, reflected by an increase in LV 
fractional shortening, probably represents the combina- 
tion of a decrease in impedance to LV ejection coupled 
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with reflex sympathetic activation. Lack of improvement 
in systolic function in the hydrochlorothiazide group may 
be due to the high percentage of patients requiring addi- 
tional treatment with sympatholytics. 

Our data indicate that nitrendipine monotherapy pro- 
vided acceptable control of BP in many patients with mild 
or moderate hypertension. Nitrendipine therapy was as- 
sociated with improvement of LV systolic function in 
those patients with normal LV mass, whereas diastolic 
dysfunction is not favorably influenced by nitrendipine. 
The increase in sympathetic nervous system activity re- 
flected by an increase in plasma norepinephrine may have 





contributed to the lack of success in improving LV dia- 
stolic function in both treatment groups. 
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Reversal Of Systemic Hypertension with Serum Protein Changes 


Hubert F. Loyke, MD 


T his report presents evidence that certain diseases 
associated with an elevated serum globulin level re- 
sult in a decrease of hypertension to normotensive levels. 

The first condition that was noted to have this effect 
was liver disease. In 1932, Meakins! observed normal- 
ization of blood pressure in hypertensive patients after 
the onset of jaundice. In 1955, we? reported on 46 hyper- 
tensive patients and later an additional 6 individuals 
were observed before and after onset of cirrhosis of the 
liver, all of whom became normotensive. In 16 patients 
(Table I), globulin levels were determined before and 
after the development of cirrhosis. It could be argued 
that blood pressure decrease was the result of malnutri- 
tion, cachexia or salt restriction. From the clinical files, 
however, no evidence of severe salt restriction or cachex- 
ia existed. Lastly, since half of the patients with cirrhosis 
did not have ascites, volume factors are not necessary for 
the decrease in blood pressure. 

There are other conditions where blood pressure de- 
creases with hyperglobulinemia. Hypertension is infre- 
quent in uremia due to myeloma, whereas it is common 
in other forms of severe renal disease. Characteristic of 
myeloma is the production of abnormal serum globulins. 
In our study? of 55 persons with myeloma, 3 formerly 
hypertensive patients (blood pressure 170/120, 240/110 
and 180/115 mm Hg) all became normotensive after the 
onset of myeloma. Serum globulin was elevated in all 
instances and there was no salt loss in these patients to 
explain the blood pressure decrease. 

Hypertension is frequently associated with hypothy- 
roidism. Thyroid treatment frequently decreases blood 
pressure and also causes an increase in serum alpha 
globulins,* which would support the thesis that a factor 
in the globulin fraction is antihypertensive. 

Rheumatoid arthritis is a condition in which blood 
pressure is rarely elevated as exemplified by Turner and 
Landsberry,> who report a 5% incidence. Rheumatoid 
arthritis is associated with hyperglobulinemia and ele- 
vation primarily in the alpha-2 and globulin fraction.’ 
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TABLE I Change in the Blood Pressure and Serum Globulin 
in 16 Hypertensive Patients Before and After Onset of 
Cirrhosis? 





Change in Total 
Serum Globulin 


(g/dl) 


Original BP 
(mm Hg) 


222/138 


Change in BP 
(mm Hg) 


Time Interval 
(months) 






















60 194/130 —50/—44 1.3 
36 220/126 —110/-40 +23 
72 198/108 —52/—48 +1.3 
24 240/128 —110/-42 +0.8 
48 204/120 —74/—40 +2.3 
12 220/120 —110/-40 +0.5 

5 212/116 —78/-26 +0.5 
12 188/110 -70/-30 +0.9 

6 170/105 —45/-25 +0.2 
12 182/100 —38/-20 0.8 

1 173/100 —43/-—20 +0.5 

6 170/100 —40/-—20 +0.5 
72 172/105 =30/=15 +1.6 
96 170/100 —30/-15 +1.6 
24 180/85 =32/ 72 +0.1 





BP = blood pressure. 


Elevation of arthritis sedimentation rate is related to 
serum globulin elevation. Furthermore, study of various 
serum protein fractions of defibrinated blood shows that 
alpha-2 and gammaglobulins are the prime factors in 
increasing the sedimentation rate. Since a high sedimen- 
tation rate, caused in part by elevated globulins, is com- 
mon in rheumatoid arthritis, support was provided for 
the thesis that an elevation in serum globulins may have 
an antihypertensive effect. 

In view of the overwhelming evidence for remission of 
hypertension in the presence of liver disease, with 
hyperglobulinemia, it was decided to study experimental 
hypertensive models in the rat. Grollman renal and des- 
oxycorticosterone acetate endocrine hypertension were 
established and then liver disease was produced in the 
animals. When the blood pressure decreased for 4 to 6 
weeks, serum proteins were determined and compared to 
that of the controls. The constant feature was an elevation 
in the serum globulin.? The blood pressure decrease was 
not caused by inanition since the weights of the experi- 





mental rats increased at the same rate as the controls. At 
first it was considered that a decrease in angiotensinogen, 
an increase in angiotensinase or a change in pressor re- 
sponsiveness was the cause, but these were excluded.® 
Next, a specific inhibitor of angiotensin-converting en- 
zyme was considered and shown to be active. Recently, 
hypertensive recipient rats were cross-transfused into do- 
nors for 30 minutes with blood from animals with fatty 
metamorphosis, producing an average decrease in blood 
pressure from 195.4 to 170.1 mm Hg. It was concluded 
that a vasodepressor substance or a pressor antagonist 
was present in the serum of treated donor rats,’ possibly 
in the elevated globulin fraction. 

The hypothesis being proposed is that some diseases in 
which serum globulin is elevated have a depressor effect 
on human hypertension. Experimental observations in 
hypertensive rats in which globulin changes also oc- 


curred, leading to blood pressure normalization, provide 
further evidence to support this hypothesis. Further study 
of the antihypertensive effect of an increased serum glob- 
ulin should be initiated, particularly in an effort to identi- 
fy the responsible globulin fraction. 
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Comparison of Four Exercise Protocols Using Anaerobic Threshold 
Measurement of Functional Capacity in Congestive Heart Failure 


leana L. Piña, MD, and Dean G. Karalis, MD 


i patients with congestive heart failure (CHF), in- 
dexes of resting ventricular function are poor predic- 
tors of exercise performance.! Measurement of maxi- 
mum oxygen uptake during exercise using respiratory gas 
exchange is currently being performed to assess the func- 
tional capacity of patients with CHF. Furthermore, max- 
imum oxygen uptake may have prognostic importance.? 
However, maximum oxygen uptake may be a difficult 
endpoint for CHF patients to achieve, and thus may not 
be readily attainable or reproducible. The oxygen uptake 
at anaerobic threshold, a parameter of submaximal exer- 
cise, may be more attainable and may also provide insight 
into functional impairment in this patient population. 
This study examines anaerobic threshold as an index 
measurement of functional capacity obtained with sub- 
maximal exercise across 4 standard treadmill protocols. 

Eight patients, mean age 65 + 9 years, who had New 
York Heart Association class III CHF for >1 year, were 
exercised. The cause of CHF was coronary artery dis- 
ease in 5, systemic hypertension in 2 and idiopathic dilat- 
ed cardiomyopathy in 1. The mean ejection fraction was 
23% (range 10 to 29). All patients were receiving stable, 
long-term dosing of medication, which remained un- 
changed for the duration of the study. Seven patients 
received diuretics, 6 digoxin, 5 angiotensin converting 
enzyme inhibitors, 5 nitrates and 1 a calcium antagonist. 
After informed consent was obtained, treadmill exercise 
was performed in the fasting state until fatigue or dys- 
pnea occurred. All patients had performed at least 2 
prior tests. The 4 protocols chosen for testing were: 
Bruce,* modified Naughton? in 2-minute stages, modi- 
fied Naughton in 3-minute stages and a ramp with 15 
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watts/min increments. Tests were administered at ran- 
dom and separated by 2 to 7 days. 

Expired gases were measured using breath by breath 
technique on a Medical Graphics 2001 system. A 12- 
lead electrocardiogram was obtained at rest, exercise 
and recovery. Blood pressure was measured using a cuff 
sphygmomanometer. Oxygen uptake (VO>), carbon di- 
oxide production (VCO») and the respiratory exchange 
ratio (VCO;/VO») were mea sured on line. Exercise was 
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FIGURE 1. Determination of the anaerobic threshold using the 
V slope method. VO; is plotted on the abscissa and VCO; on 
the ordinate. At the point of anaerobic threshold, an increase 
in VCO2 occurs, which causes an abrupt transition in the rela- 
tion between VCO; and VO2 and a deviation from the line of 
identity with an increase in slope to a value of >1.0. This in- 
flection point is considered to be the anaerobic threshold. The 
arrow indicates the point of anaerobic threshold, where the 
slope of the curve becomes >1.0 (insef). M = slope. 
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TABLE I Hemodynamic Responses to Four Exercise Protocols 


Max HR 
(beats / min) 


Treadmill 
Protocol 


138+ 23 
127 +18 
129 € 19 


Bruce (n = 8) 

Ramp (n = 8) 

Modified Naughton (2 min) 
(n 7 8) 

Modified Naughton (3 min) 
(n 7 8) 


Values are mean + standard deviation. 
* p «0.05; 2 min and 3 min modified Naughton vs Bruce and ramp. 


132 € 16 





156 x51 
158+ 44 
164+ 56 


156 + 36 





Max HR X Max SBP 
(mm Hg X beats/min 
x 10?) 


21.7 1:9.5 
20.0 + 6.4 
21.74+9.9 


Duration 
(min) 


39213 
4341.1 
7.625% 


21.0+7.3 8.6+4.7* 


Max HR = exercise heart rate at peak exercise; Max SBP = systolic blood pressure at peak exercise. 


encouraged to a level of exertion that correlated to a 
respiratory exchange ratio of 21.1, which was deter- 
mined on line. Peak VO; was defined as the highest 
VO» achieved at the time of maximal exercise. Anaerobic 
threshold was determined by the V slope method? where 
VCO) is plotted against VO», as detailed by the exam- 
ple in Figure 1. The anaerobic threshold for each patient 
in a given protocol was measured visually by 2 indepen- 


Anaerobic Threshold 
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FIGURE 2. Anaerobic threshold and peak oxygen uptake by 
patient and by protocol illustrating similarity of anaerobic 
threshold values and the variability of peak oxygen uptake in 
individual patients across 4 protocols. 
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dent observers. Reproducibility of the anaerobic thresh- 
old to within + 7% was previously determined in our 
laboratory (unpublished data) by 2 successive tests us- 
ing the modified Naughton protocol performed a week 
apart in 20 patients with CHF. 

Comparisons among the means were done using 
Scheffe's method for multiple comparisons when the 
overall F test for the repeated measures analysis of vari- 
ance (with exercise protocol treated as a fixed effect) 
was statistically significant at the p = 0.05 level. 

All patients completed all 4 protocols without com- 
plications. Table I lists the hemodynamic data at the end 
of exercise. There was no significant difference among 
protocols with respect to maximum heart rate, systolic 
blood pressure or double product. The duration of exer- 
cise was shortest on the more challenging protocols 
(Bruce and ramp) (p <0.05). The peak VO» (cc/min/kg), 
however, was significantly higher for the Bruce (11.7 + 
2.9, p «0.05) compared with all the other protocols 
(ramp 9.6 + 3.8; 2-minute Naughton 9.2 + 3.5; 3-minute 
Naughton 8.6 + 3.1). The mean anaerobic threshold (cc/ 
min/kg) achieved was similar, regardless of protocol 
(Bruce 6.5 + 2.1; ramp 6.2 + 2.5; 2-minute Naughton 
6.3 + 2.3; 3-minute Naughton 5.4 + 1.3, difference not 
significant). Figure 2 shows the individual values per 
patient in rank order as well as the means per protocol. 
There was no fixed relation between the anaerobic 
threshold and the peak VO». The anaerobic threshold 
was reproducible in consecutive testing (r — 0.96; p 
« 0.001). 

In this study the anaerobic threshold in CHF patients 
was relatively effort independent and reproducible across 
a group of workload challenges. In contrast, the peak 
oxygen uptake varied with workload and effort. 

The functional impairment of the CHF patient is of- 
ten characterized by the New York Heart Association 
classification despite its inherent subjectivity.’ More re- 
cently, the maximum VO; has been proposed as an objec- 
tive method for the quantification of functional capacity. 
However, individual effort, motivation and multiple other 
factors may impede the patient in achieving this maximal 
endpoint. This was also demonstrated in our study in 
which the mean peak VO» varied by as much as 27% 
among protocols. 

In all but one of our patients, VO» was the highest 
during the Bruce protocol. This value, obtained on a more 
challenging protocol, may represent the closest approxi- 











mation to a true “maximum” VO, in our patient cohort. 
Nonetheless, there may be hesitation to use the Bruce 
protocol in CHF patients due to its abrupt increases in 
workload at the start of exercise and between stages. Our 
patients, however, tolerated the Bruce protocol without 
complications. These findings notwithstanding, our CHF 
patient population, although typical in its clinical presen- 
tation, may have been a select group who could complete 
at least 2 minutes of a Bruce protocol. 

In the preliminary phase of this study, we have shown 
reproducibility of the anaerobic threshold in 20 CHF 
patients using the same protocol. Moreover, using 4 dif- 
ferent exercise protocols, the anaerobic threshold was 
also reproducible (4 to 9% mean difference) and relative- 
ly effort and workload independent. The anaerobic 
threshold has been previously shown to be a reproducible 
parameter of submaximal exercise in normal subjects as 
well as in CHF patients,* and has been used to predict 
maximum VO»;.? 

The similarity in heart rate-blood pressure product 
achieved across the 4 protocols in the present study dem- 
onstrates that our patients exercised to similar endpoints 
of myocardial oxygen demand. This finding further sug- 
gests that patients with CHF, in general, have a peak 
limit of myocardial function regardless of testing mode. 
Differences in oxygen uptake at similar double products 
reflects the complex nature of the exercise response in this 
CHF population. 


In conclusion, we have shown that the anaerobic 
threshold is more reproducible and effort independent 
than the peak VO»; therefore, the anaerobic threshold 
may prove to be a more reliable measurement of exercise 
performance in CHF patients. Whether this parameter 
will have significant prognostic value is yet to be deter- 
mined. 
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Ventricular Septal Defect Closure Without Aortic Valve Plication 
in Patients With Aortic Valve Prolapse 


James W. Boone, MD, Robert N. Vincent, MD, Kenneth J. Dooley, MD, and Willis H. Williams, MD 


a septal defect (VSD) with associated aor- 
tic regurgitation (AR) secondary to prolapse of an 
aortic valve cusp into the VSD poses a significant prob- 
lem as to the appropriate timing and type of surgical 
intervention. Various centers have advocated surgical pli- 
cation of the redundant aortic cusp tissue at the time of 
VSD closure.'? Results of aortic valve plication have 
been varied, both in our center and others.!-^ A major 
pathophysiologic factor in the development of aortic valve 
prolapse and subsequent AR in these patients is believed 
to be insufficiency in the conal septum, which should 
serve to support the aortic valve “anulus” from below.56 
This lack of support allows the valve cusp to sag into the 
VSD and to be further distorted by hemodynamic fac- 
tors.’ In an attempt to avoid the need for aortic valve 
plication in these patients, we have elected to close their 
VSDs at the earliest sign of AR or aortic valve prolapse, 
as determined by physical examination, echocardiogra- 
phy or angiography. We present our experience with pa- 
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tients undergoing early closure of a VSD with associated 
aortic valve prolapse. 

We reviewed our experience from 1979 to 1987 in 15 
patients with VSD and aortic valve prolapse in whom 
VSD closure alone was accomplished at the earliest sign 
of aortic valve prolapse. Data were obtained retrospec- 
tively by review of hospital and clinic records. All angio- 
grams were reviewed by us. Follow-up was by noninva- 
sive techniques and included assessment of pulse pres- 
sure and grade of AR murmur as determined by the 
patient's attending cardiologist. The unavailability of 
Doppler echocardiography in our early patients, and 
concerns over Doppler’s ability to quantitate aortic in- 
sufficiency accurately led us not to use it in our serial 
assessments. However, in patients in whom qualitative 
Doppler information was available, findings were consis- 
tent with the clinical assessment of degree of AR. The 
patient population consisted of 11 boys and 4 girls (Ta- 
ble I). The mean age at cardiac catheterization was 44 
months (range 8 to 70, median 24). The mean age at 
surgery was 49 months (range 12 to 171, median 26). 
Three patients underwent aortic valve plication during 
the period of the study and were excluded from review. 
The only associated cardiac lesion in any of these pa- 
tients was infundibular pulmonary stenosis. Cardiac 
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TABLE I Patient Profile 


Catheterization 










Pulse 
Pressure 


Age 









1 M 30 65 Mild 38 
2 M 14 63 Moderate 16 
3 F 96 50 Moderate 99 
4 F 14 50 Mild 15 
5 M 79 46 Moderate 81 
6 M 55 30 Mild 56 
7 M 24 49 0 26 
8 F 17 62 Moderate 18 
9 M 31 55 Moderate 44 
10 M 80 43 Mild 90 
11 M 170 44 Mild 171 
12 M 8 52 Moderate 12 
13 F 27 61 Moderate 39 
14 M 17 45 Mild 18 
15 M 16 54 Moderate 17 


catheterization was undertaken in all patients before 
surgical intervention. AR was noted in 14 of 15 patients. 
In 9 patients the AR was moderate and in 5 patients it 
was classified as mild. The 1 patient without AR clearly 
had prolapse of the right coronary cusp into the right 
ventricular outflow tract through a moderate sized su- 
pracristral VSD. The right coronary cusp was noted to 
prolapse into the VSD in 9 patients, while in 5 patients 
the noncoronary cusp had prolapsed. In I patient we 
were uncertain which cusp was involved after reviewing 
the angiogram. The pulmonary-to-systemic flow ratio 
was moderate (mean 1.8:1, range 0.8 to 3.8:1). The pa- 
tient with the Qp:Qs ratio of 0.8:1 had severe right ven- 
tricular outflow tract obstruction. The mean aortic pulse 
pressure determined at catheterization was 52 mm Hg 
(range 26 to 65). There were 5 patients with infundibular 
pulmonic stenosis with peak systolic gradients ranging 
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Preoperative Data 


AR = aortic regurgitation. 


36 48 60 
MONTHS FOLLOW-UP 





Long-Term Follow-Up 








Pulse AR Pulse AR 
Pressure Murmur Months Pressure Murmur 
(mm Hg) (0 to 6) Post-Op (mm Hg) (0 to 6) 











38 | 82 34 | 
60 Il 56 30 | 
46 Ill 38 40 I 
44 Ill 37 i4 | 
46 I 16 34 0 
34 0 102 48 0 
48 0 26 48 O 
38 0 38 36 0 
46 I 13 46 O 
50 | 84 54 I 
43 0 25 46 0 
43 | 16 30 0 
60 Hl 33 30 I 
42 0 17 34 0 
48 | 17 32 0 





from 20 to 83 mm Hg. Operative intervention occurred 
relatively soon after catheterization. At operation, the 
VSD was noted to be supracristal in 9 patients and peri- 
membranous in 6. Prolapse of an aortic cusp into the 
VSD was noted in all patients. Repair of the VSD was, 
with 1 exception, accomplished using Dacron felt patch 
material of varying thickness in an attempt to buttress 
the aortic anulus from below. In 8 patients a triple thick- 
ness sandwich of Dacron felt and Teflon was used to 
repair the defect. In 2 patients a double thickness Dacron 
patch was used, while in 4 others a single thickness of 
Dacron was used. One patient's defect was sutured 
closed. In addition to VSD closure, 3 patients underwent 
right ventricular outflow tract myectomy. There were no 
early or late deaths. 

Figure 1 illustrates follow-up of the pulse pressure as 
determined by cuff blood pressure immediately preoper- 


FIGURE 1. Aortic pulse pressure (mean + 
standard deviation) on admission for sur- 
gery (47 + 5 mm Hg); 7 days after (43 + 
5 mm Hg) and at follow-up (44 + 9 mm 
Hg). There was no significant difference 
between any of the points. 
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atively, postoperatively (just before hospital discharge) 
and at the most recent follow-up visit. Follow-up ranged 
from 10 to 84 months (mean 38). The general trend was 
either no significant change or a slight diminution in the 
pulse pressure. The only patient whose pulse pressure 
widened significantly postoperatively was taking capto- 
pril for systemic hypertension at the time of discharge. 
Her most recent pulse pressure had fallen to below her 
preoperative value. There was no statistically significant 
change in pulse pressure from pre- to postoperative val- 
ues or from immediate postoperative to most recent fol- 
low-up values. 

The course of the AR murmur is detailed in Table I. 
Most patients were found to have a decrease in the inten- 
sity of their diastolic murmurs in the immediate postop- 
erative period. In all but 1 patient the intensity of the 
murmur was unchanged or diminished at long-term fol- 
low-up. In this particular patient the aortic pulse pres- 
sure was unchanged from preoperative values despite the 
increase of the murmur's intensity from grade I to grade 
II at 84 months. None of the patients in whom a murmur 
of AR was absent preoperatively developed one post- 
operatively. 

The early reported surgical experience! was primari- 
ly in patients with longstanding AR and involved at- 
tempts at either reconstruction of the affected aortic valve 
cusp or plication of the redundant cusp tissue. Results of 
these early attempts were not encouraging, with signifi- 
cant residual AR in many patients. With improved tech- 
nique the results of aortic valve plication have improved. 
Recent published reports??5? demonstrate improvement 
in the degree of AR in most patients; however, there 
remains a sizable percentage of patients who have signifi- 
cant residual AR, some of whom required eventual aortic 
valve replacement. 

Our approach to patients with VSD and aortic valve 
prolapse with or without AR has been to intervene as soon 
as aortic valve prolapse or AR becomes evident, and to 
limit the repair to closure of the VSD. We believe that by 
providing support to the aortic valve apparatus in the 
form of a well-placed VSD patch we may eliminate, or at 
least arrest, the aortic valve prolapse and AR. Review of 
our experience with this lesion over the past 8 years, in 
patients with mild to moderate AR, suggests that closure 
of the VSD alone may prevent progression of AR and 
may reduce or eliminate AR (as determined clinically) in 
most patients, at least in the period of follow-up so far. 

Although other investigators?? have suggested that 
simple VSD closure at the earliest sign of aortic valve 
prolapse, as determined by either echocardiography or 


angiocardiography, may arrest the progression of pro- 
lapse and regurgitation and therefore preclude surgery on 
the cusp itself, most investigators have proceeded with 
plication of any significantly distorted cusp.2? A recent 
report from Leung et al? describes improvement in AR in 
72% of 25 patients undergoing plication, no progression 
of aortic regurgitation in 16% and eventual aortic valve 
replacement in 12%. In 64 patients undergoing aortic 
valve plication, 25% demonstrated failure of aortic valve 
plication at 10-year follow-up.? Analysis of the data from 
this study by Okita et a? also suggested that older age at 
operation strongly correlated with failure of aortic valve 
plication, probably due to longstanding deformation of 
the aortic valve architecture. 

Comparison of our patient population with those of 
previously reported studies reveals no significant differ- 
ences related to anatomic position of the VSD, systemic- 
to-pulmonary shunt, incidence of right ventricular out- 
flow tract obstruction or the aortic cusp involved. -?5? 
There is, however, an important age difference: our pa- 
tients' median age at surgery was 26 months. Schmidt et 
al? have recently emphasized the progressive nature of 
this entity and recommend early surgical closure of the 
VSD without aortic valve plication. We feel that early 
operative intervention in the form of a simple VSD clo- 
sure may prevent progressive distortion of the aortic cusp, 
reduce AR and obviate the need for aortic valve plication. 
Continued follow-up, however, is necessary to determine 
if these midterm follow-up results will persist 10 to 15 
years after surgery. 
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Polysplenia with Normally Structured Hearts 


Diane E. Debich, BS, William A. Devine, BS, and Robert H. Anderson, MD, FRC Path 


P olysplenia is known to exist with a constellation 
of anomalies that exhibit bilateral left-sidedness. 
Other well-established features of the “left-sided” syn- 
drome include bilateral morphologically left bronchi, lo- 
bation bilaterally characteristic of a left lung and inter- 
ruption of the inferior caval vein with continuation via the 
azygos vein. These features are commonly associated 
with the presence of complex congenital heart malforma- 
tions,! and have also been noted to accompany extrahe- 
patic biliary atresia.^ It has subsequently been argued 
that multiple spleens (or polysplenia) are not the best 
indicator of congenital heart disease (most importantly 
those defects associated with isomerism of the left atrial 
appendages) because not all patients with such isomerism 
have multiple spleens.? The 10 cases presently reviewed 
reinforce this opinion, demonstrating that the status of 
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the spleen is an unreliable diagnostic tool with respect to 
recognizable syndromes of congenital heart malforma- 
tions. Each case has multiple spleens without either com- 
plex congenital heart disease or isomerism of the left 
atrial appendages. 

Over a 15-year period, 10 cases of polysplenia (de- 
fined as presence of multiple lobules of splenic tissue on 
both sides of the mesogastrium and excluding cases of 
accessory spleen or splenules) without complex congeni- 
tal heart disease were collected from autopsy records at 
Children’s Hospital of Pittsburgh. During this same pe- 
riod, 1,785 autopsies were performed. Each case was 
examined for the status of the spleen (polysplenia), pres- 
ence of congenital heart disease, atrial morphology, 
bronchial morphology, lung lobation, presence of biliary 
atresia, status of the inferior caval vein, and presence of 
gastrointestinal tract malrotation. 

Restricted autopsy cases were supplemented by 
means of available clinical information. Examination 
of only the abdominal viscera was permitted in cases 3 
and 4. Clinical information obtained from the medical 
records was consistent with a structurally normal heart 
in case 3 by routine cardiac examination. Echocardio- 
graphically, case 4 showed no structural intracardiac 
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FIGURE 1. A, Morphologically right atrium with blunt appendage and broad junction with the venous atrial component. B, 
morphologically 


left atrium with thin, hooked appendage and narrow junction with the venous atrial component. C, posterior 
view of bilateral morphologically left bronchi. The main bronchi are long with the first branch occurring below the pulmonary 
artery (arrows) that extends to the lower lobe of the lung. D, multiple lobules of splenic tissue on both sides of the mesogastrium 
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as typically seen in “‘polysplenia.”’ | 
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Atrial 
Morphology 


Bronchial 


Case Sex PAD Morphology 





M 11 mos 0 Usual 

F 11 mos 0 Usual Usual 

F 6 mos 0 Usual Usual 

F 64years O Usual Usual 

M 2% years O Usual Usual 

M 1 mo + Usual Left 
isomerism 

M 5 days 0 Usual Left 
isomerism 

F 6 years 0 Usual Left 
isomerism 

M 2mos + Usual Left 
isomerism 

54% mos Mirrorimage ^ Mirror image 














* See Figure 1. 
PAD = patent arterial duct; + = present; O = absent. 





abnormalities. The bronchial anatomy of both cases was 
determined by review of penetrated chest x-ray studies. 
Lung lobation could not be determined in either case. 

The results are listed in Table I. Patency of the arte- 
rial duct was found in 2 of the 10 cases and 8 cases had 
extrahepatic biliary atresia. Of these 8 with biliary atre- 
sia, 5 had azygos continuation of an interrupted inferior 
caval vein. Of those hearts in which it was possible to 
study the morphology of the atrial appendages, they 
were arranged in usual fashion in all but 1. The excep- 
tion had mirror-image atrial arrangement along with 
mirror-image structure of the bronchi. The bronchial 
arrangement was usual in 5 of the others, although 1 
case had bilaterally bilobed lungs. The remaining 4 cases 
exhibited bilateral morphologically left bronchi, which 
was disharmonious with the normal atrial morphology. 
In all 8 cases studied morphologically, the atrial mor- 
phology is inappropriate for the status of the spleen. 

Just as polysplenia is acknowledged to be associated 
with well-recognized constellations of congenital heart 
disease, the cases reported here demonstrate a previously 
well-described?^ but less familiar association with extra- 
hepatic biliary atresia in which the heart is frequently 
normal.? Polysplenia, therefore, occurs with a wide range 
of associated congenital malformations but, as was al- 
ready clear from the study of Chandra,’ cannot be used as 
a constant diagnostic guide for the presence of complex 
congenital heart disease. If a unifying feature is sought to 
group together those hearts that are malformed, it is 
isomerism of the left atrial appendages that, to the best of 
our knowledge, is universally present. The occurrence of 
biliary atresia and congenital cardiac malformations in 
association with polysplenia is unlikely to be coincidental. 
It is interesting to note, nonetheless, that when biliary 
atresia is associated with polysplenia, congenital heart 
disease is almost always absent, as shown previously by 
Chandra? and confirmed by our present study. 

The concurrence of the many anomalies associated 
with polysplenia is surely not accidental. A developmen- 














Azygos Continuation 
of Inferior 
Caval Vein 


Intestinal 
Malrotation 


Lung 
Lobation 
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Atresia 







Usual 0 0 + 

Usual + 0 0 
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Bilaterally + 0 0 
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Bilaterally + + T 
bilobed 

Bilaterally 0 0 + 
bilobed 

Bilaterally + + + 
bilobed 

Bilaterally + 0 t 
single 
lobed 

Mirror image t + + 





tal complex of abnormal symmetrical formation of left- 
sided structures has been suggested.* Even though a de- 
velopmental complex may be specific, the random occur- 
rence of the different but readily associated anomalies 
could be attributed to a nonspecific timetable of insults 
throughout the process of development.” The abnormali- 
ties associated with polysplenia consistently involve mor- 
phologically right-sided structures such as the inferior 
caval vein, the extrahepatic biliary tree and gallbladder. 
They also include the frequent appearance bilaterally of 
normally left-sided structures such as bilobed lungs, mor- 
phologically left bronchi and morphologically left atrial 
appendages. 

The status of the spleen is clearly an inaccurate mark- 
er of the presence of isomerism of the atrial appendages. 
Bronchial morphology has also been promoted as an in- 
ferential indicator of atrial arrangement when direct ex- 
amination of the appendages is not possible. Exceptions 
have been reported, nonetheless?? and, significantly, the 
morphology of the atrial appendages was discordant with 
the bronchial morphology in 4 of the 10 cases we re- 
viewed. When assessed in this light, therefore, our data 
show that, in cases with abnormal arrangement of the 
organs, each system should be described specifically and 
individually. This is much more accurate than attempting 
to infer the status of 1 system from observations in 
another. 
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Usefulness of the Internal Jugular Venous Route for Cardiac 


Catheterization in Children 


Monica L. Garrick, MD, William H. Neches, MD, Frederick J. Fricker, MD, Elfriede Pahl, MD, 


and Jose A. Ettedgui, MD 


“re catheterization is an important tool in the 
diagnosis and management of heart disease in chil- 
dren. The femoral artery and vein are the usual routes of 
access for this procedure. In the past, use of the internal 
jugular vein for cardiac catheterization has been reserved 
for those children in whom femoral venous access was 
limited by obstruction, such as ileofemoral venous throm- 
bosis or congenital absence of the hepatic portion of the 
inferior vena cava. Latson et al! reported use of this vein 
in 14 pediatric patients, in each for reasons of either 
inferior vena caval obstruction or the desire to maintain a 
central venous line after catheterization. At the Chil- 
dren’s Hospital of Pittsburgh, the internal jugular vein 
has been used as a primary site for cardiac catheteriza- 
tion in patients undergoing endomyocardial biopsy after 
cardiac transplantation. This report describes our experi- 
ence and technique. 

From May 1982 through April 1989, internal jugular 
venous access for cardiac catheterization was attempted 
176 times in 36 patients. Patients ranged in age from 2 
months to 18 years and in weight from 4 to 87 kg. 
Nineteen patients were undergoing evaluation and endo- 
myocardial biopsy after cardiac transplantation. Five 
patients had a presumptive diagnosis of myocarditis and 
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underwent catheterization for hemodynamic assessment 
and biopsy. An additional 12 patients had other congeni- 
tal defects. 

Premedication varied in that infants received none, 
while older children usually received an intramuscular 
injection of 2 mg/kg of meperidine (maximum 75 mg) 
combined with 0.5 mg/kg each of promethazine and 
chlorpromazine (maximum 25 mg of each). This was 
administered 45 minutes before the procedure. Local 
anesthesia was obtained with 1% lidocaine without epi- 
nephrine. A few children who had undergone multiple 
procedures preferred to forego the premedication and 
tolerated the procedure well with local anesthetic only. 

Patients are positioned with a pillow beneath the 
shoulders and with their arms at their sides. The head is 
turned toward the left and the entire right anterior neck 
prepped and draped in sterile fashion. Landmarks for 
identifying the anterior triangle of the neck are shown in 
Figure 1. The triangle is bordered by the medial and 
lateral heads of the sternocleidomastoid muscle and by 
the clavicle. The internal jugular vein courses through 
this triangle in an orientation from the apex of the trian- 
gle toward the patient's right nipple. Local anesthesia is 
administered with a 25-gauge needle, puncturing the 
skin at the apex of the triangle and infiltrating along the 
expected course of the vein. Others have described a 
"low" approach to the vein, puncturing the skin at the 
base of the triangle near the clavicle.^ The approach 
from the apex has been used in our institution. 


FIGURE 1. Landmarks by which internal 
jugular vein is identified. CCA — common 
carotid artery; IJV = internal jugular vein; 
SCM - sternocleidomastoid muscle. 
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Two methods may be used to enter the vein. In the 
first, a 21-gauge needle attached to a 3 ml syringe (filled 
with heparinized flush solution) is used to locate the 
vein. The needle enters the skin and is advanced in the 
direction previously described while maintaining an an- 
gle of 45^. Constant negative pressure is applied until 
free flow of blood is obtained. Once the vein has been 
entered, the syringe is removed and the needle left in 
place as a guide to its location and to the angle of inser- 
tion of the larger needle. Bleeding or air aspiration 
through this needle is not a problem due to the small 
caliber. A 19-gauge, 1.5-inch thin walled needle with an 
attached syringe is then used to puncture the skin imme- 
diately behind this guide needle. When the vein is en- 
tered, the syringe is removed and a guidewire advanced 
to the right atrium under fluoroscopic guidance. The 2 
needles are removed and the subcutaneous tissues dilat- 
ed with a Medicut plastic needle (Argyle) or a hemostat. 
A scalpel blade may be necessary to nick the skin adja- 
cent to the wire in some cases when multiple prior proce- 
dures have resulted in scar tissue (in our series, adequate 
dilation enabled sheath insertion in all cases). A venous 
sheath and dilator may then be advanced over the guide- 
wire. Side-port sheaths are used to accommodate vari- 
ous catheter sizes and to enable frequent irrigation of the 
sheath to prevent clot formation. They also prevent the 


inadvertent aspiration of air during catheter changes. 


After sheath insertion, blood is aspirated and the sheath 
flushed with heparinized solution. 

Another method uses a 21-gauge needle and syringe 
to enter the vein through which the guidewire is ad- 
vanced. The advantage of this method is that the second 
needle is not required. However, the small caliber of the 
21-gauge needle necessitates use of a guidewire with a 
maximum diameter of 0.021 inch. This may make 
sheath insertion through scarred subcutaneous tissues 
more difficult in some cases. 

A variety of catheter types were used in this series, 
including flow-directed thermal dilution catheters, wo- 
ven Dacron catheters and endomyocardial bioptomes. 
Balloon-tipped catheters were not required to enter the 
pulmonary arteries; however, they were used in most 


FIGURE 2. Internal jugular procedures 
performed according to patient's weight. 
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cases because of the desire to measure cardiac output by 
thermal dilution. 

Right-sided cardiac catheterization is carried out in 
the usual manner. When biplane cineangiography is per- 
formed, it is necessary to reposition the patient's arms 
above the head. At the completion of the procedure, the 
catheters are removed and hemostasis achieved with 
firm hand pressure, followed by a light gauze dressing. 

Children were returned to their rooms and received 
routine postcatheterization care. Observation in an in- 
tensive care setting was not required. Ambulation was 
permitted once the patients were fully awake. Patients 
were usually discharged the following morning, al- 
though a few were discharged later the same day. 

Internal jugular venous catheterization was successful 
in 168 of 176 attempts (95%) in 36 patients. Eight proce- 
dures in 7 patients were unsuccessful. Thrombosis of the 
vein was documented by angiography in 3 procedures and 
in the other 5 procedures it could not be documented. 
Three of these 7 patients had only 1 attempted cannula- 
tion. Two patients had successful subsequent and 2 others 
had successful prior internal jugular venous catheteriza- 
tion. 

Thirty-seven procedures were performed in patients 
weighing <20 kg, including 9 in patients who weighed 
<10 kg (Figure 2). Fifteen patients had 1 procedure, 18 
had =2 procedures and 5 patients underwent 214 cathe- 
terizations. One patient has undergone 19 procedures via 
the right internal jugular vein. This vein was the primary 
route of access in 171 procedures, while in 5 procedures, 
femoral venous access was attempted first. The right 
internal jugular vein was used in all but 2 cases, where the 
left vein was used. In 1 of these, access to the right vein 
was attempted but thrombosis was found, presumably 
secondary to prior Broviac catheter placement. In the 
second case, the left vein was the initial site because of 
known right internal jugular venous thrombosis. 

There were no cases of unusual or excessive bleeding 
nor were there any cases of hematoma formation. In the 
few instances when the carotid artery was inadvertently 
punctured, the needle was removed and pressure applied 
until bleeding stopped. One patient had a small apical 
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pneumothorax develop which spontaneously resolved. 
Hospitalization was not prolonged in any patient and 
early ambulation was possible in all ambulatory patients. 

Endomyocardial biopsies were performed in most 
cases. The internal jugular venous technique was not 
difficult and, in comparison to the femoral approach for 
biopsy, was actually easier, even in children having previ- 
ously undergone multiple biopsies or catheterizations via 
this route. More importantly, this approach allowed for 
greater bioptome manipulation and, therefore, a greater 
variety of sampling sites on the endomyocardium. 

Cardiac catheterization via the internal jugular vein 
has been used previously in pediatric patients as an alter- 
native to the femoral venous approach, usually in cases of 
obstruction to femoral venous access. We have shown 
that this approach can be used safely and effectively in 
infants and children. It is no more difficult than the 
standard femoral approach for right-sided cardiac cathe- 
terization and endomyocardial biopsy. Ease of catheter 
manipulation is not adversely affected by the neck ap- 
proach. In fact, it is easier to enter the pulmonary arteries 
using this route. A greater variety of sampling sites on the 
right ventricular endomyocardium for biopsy is another 
advantage. 

When children require multiple endomyocardial biop- 
sies or repeat catheterizations in general, this vein should 


Intravascular High Frequency Two- 
of Arterial Dissection and Intimal F 


be considered a reasonable primary route of access (espe- 
cially when arterial catheterization is not required). It 
may actually be preferred by some children because groin 
discomfort is avoided and earlier resumption of normal 


activities is possible. Special anesthesia or intensive care ) 


observation is not required. 

Although other investigators have noted the risk of 
potentially serious complications from the use of this ap- 
proach,*~° these problems have not occurred in our expe- 
rience. 

Our data indicate that cardiac catheterization via the 
internal jugular vein should be considered safe for the 
pediatric population. It does offer a better endomyocar- 
dial biopsy technique, but its major limitation may be 
access to the left heart. 
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Dimensional Ultrasound Detection 
laps 


Natesa G. Pandian, MD, Andreas Kreis, MD, Barbara Brockway, BS, Alex Sacharoff, PhD, 


and Richard Caro, PhD 


T he anatomy of an arterial lesion has important 
prognostic and therapeutic implications. Current ad- 
vances in interventional therapy for coronary and periph- 
eral arterial disease have emphasized the need for more 
detailed morphologic information on the arterial anato- 
my than that derived from contrast angiography. Con- 
trast arteriography can display dimensional narrowing 
of an artery. Other abnormalities such as atheromas, 
thrombi and dissections are not demonstrated in suffi- 
cient detail by arteriography. With fiberoptic angioscopy, 
some of these abnormalities can be visualized but this 
technique is cumbersome, requiring intermittent arterial 
occlusions and injections of clear fluid. Further, arterial 
wall architecture cannot be evaluated by fiberoptic an- 
gioscopy. Among alternate means of imaging an artery, 
intravascular high frequency ultrasound imaging appears 
promising. In vitro and in vivo studies from our laborato- 
ry and others have shown that catheter-based high fre- 
quency intravascular ultrasound imaging can provide in- 
formation on the arterial wall and lumina] size, and de- 
tect atheroma.! Whether this approach can identify 
arterial abnormalities such as small dissections and inti- 
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mal flaps, commonly associated with arterial diseases, is 
not known. In this study we evaluated the potential of 
intravascular ultrasound imaging in the detection of arte- 
rial dissection and delineation of flaps from the arterial 
wall. 

The details of the intravascular ultrasound device we 
used have been described previously.! Briefly, it was a 
prototype intravascular imaging device (Summit Tech- 
nology) consisting of a 110-cm long probe core and a 
single 20-MHz ultrasound transducer tip inside a 6Fr 
probe sheath. The probe core and transducer are rotated 
mechanically at 1,800 rpm within the sheath. The ultra- 
sound beam is emitted at a 30? look-forward angle, with 
an image resolution high enough to visualize 0.25-mm 
diameter vessels. The image is transmitted via a probe- 
interface unit to a calibrated display system. 

In our in vitro experiments, we created experimental 
dissections and raised intimal flaps in 15 normal arterial 
segments obtained from dogs and rabbits. The size of the 
arterial segments varied from 4 to 11 mm in diameter 
and the transverse length of the intimal flaps varied from 
4 to 7.5 mm. Before and after production of dissection, 
the vessel was placed in a waterbath, the ultrasound 
catheter introduced into the vessel and images recorded 
on videotape. The arterial segment was then photo- 
graphed on a millimeter calibration grid and the trans- 
verse length of the flap measured. Calibrated pre- and 


* 


^ 


— 


p i 





X 


postdissection ultrasound images were evaluated ran- 
domly by a blinded observer to assess whether a dissec- 
tion was present. If a dissection was considered to be 
present by the independent observer, the transverse 
length of the associated intimal flap was measured. Ul- 
trasound measurements were then correlated with ana- 
tomic measurements. 

Intravascular ultrasound provided high-resolution 
2-dimensional images of all arteries. The vessel wall was 
circular with smooth borders in the control images. In all 
15 segments, the site of dissection and the presence of the 
intimal flap were correctly identified. A linear echo sepa- 
rating from the vessel wall and protruding into the lumen 
was noted in the postdissection image of all vessels (Fig- 
ure 1). The shape of the intimal flap in the ultrasound 
images was very similar to that seen in the anatomic 
photographs in all arterial segments except one in which 
the introduction of the ultrasound catheter had dis- 
placed the flap. The length of the flap measured from 
ultrasound images had excellent correlation with ana- 
tomic data (Figure 2). 

To assess whether intravascular ultrasound can de- 
tect intimal flaps in pulsatile arteries in vivo, we created 
experimental dissections in the abdominal aorta of 4 
dogs and the carotid artery of 1 dog. In anesthetized, 
ventilated animals, we exposed the vessel and cross- 
clamped it 1 inch apart. The vessel was opened and, 
using a scalpel, the intima was incised, simulating a 
dissection, and a small intimal flap was raised. The 
arteriotomy was then closed and blood flow restored. 
Passing the ultrasound catheter either via the femoral 
artery or via the distal carotid artery, we imaged the 
vessels before and after dissection. After imaging, the 
arterial segments were resected and reopened to verify 
the presence of dissection. 

In all 5 animals, intravascular ultrasound provided 
dynamic 2-dimensional images of the blood vessels. In 
the predissection images, the artery appeared round with 
smooth and regular borders. Postdissection imaging 
clearly identified the intimal flap and the site of dissec- 
tion in all animals (Figure 3). As the catheter reached 





FIGURE 1. In vitro intravascular ultrasound images and ana- 
tomic photographs of 3 arterial segments. The white line seen 
in the ultrasound images is a 5-mm calibration mark. A linear 
echo protruding into the lumen is the flap (arrows). 


the site of dissection, the intimal flap appeared as a 
linear echo protruding into the lumen from the vessel 
wall and oscillating in the blood stream with a frequency 
higher than the pulsation of the adjacent vessel wall. The 
flap disappeared from view as the catheter advanced 
beyond the site of dissection. Gross morphologic exami- 
nation of the vessels confirmed the presence of intimal 
flaps. Intimal flaps as small as 2 mm were detectable by 
intravascular ultrasound imaging. 

This study demonstrates for the first time that intra- 
vascular high frequency ultrasound can detect arterial 
dissection and intimal flaps not only in an in vitro setting 
but also in in vivo settings. This ability enhances the 
potential of intravascular imaging in providing detailed 
information on the abnormalities of the arterial wall. The 
feasibility of in vivo intravascular ultrasound imaging in 
humans and its ability to detect atheromatous plaques 
have recently been demonstrated by our group and oth- 
ers.? Endothelial disruptions and intimal tears are often 
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FIGURE 2. Comparison between intravascular ultrasound 
(ultrasound angioscopy) measurements and anatomic 
measurements of the transverse length of the intimal 

flap obtained in the in vitro experiments. 


FIGURE 3. In vivo ultrasound image of the descending abdom- 
inal aorta (righf) shows an intimal flap (arrow). The photo- 
graph of the opened anatomic specimen (/eff) shows the site 
of the small dissection (arrow). 
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present in complex atherosclerotic lesions, and if present, 
indicate a higher risk of ischemic complications. A recent 
in vitro study has shown that arterial dissections and 
intimal flaps caused by balloon angioplasty can be detect- 
ed by intravascular ultrasound.’ How well intimal flaps 
adherent to an organized thrombus or other atheroscle- 
rotic abnormalities can be detected by intravascular ul- 
trasound is not clear. A systematic in vitro and in vivo 
study of arterial dissections in atherosclerotic human 
arteries is required to establish the sensitivity and speci- 
ficity of this technique. Although our study did not exam- 
ine arterial dissection and intimal flaps in atherosclerotic 
arteries, our observation that intravascular ultrasound 
can identify intimal disruption strongly suggests that this 
technique has the potential to help discriminate compli- 
cated from uncomplicated atherosclerotic lesions. Such 
differentiation would be of significance in making thera- 
peutic decisions. Arterial dissections and intimal tears 
often occur in coronary and peripheral arteries after bal- 
loon angioplasty, laser angioplasty and mechanical ather- 
ectomy. It may be possible to detect these complications 


in vivo by intravascular ultrasound. With further devel- 

opment and validation, intravascular high frequency ul- 

trasound imaging is likely to have an important role in 

the detailed assessment of arterial morphology, yielding 

information of diagnostic, prognostic and therapeutic. 
value. 
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Detection of Intraarterial Thrombus by Intravascular High Frequency 
Two-Dimensional Ultrasound Imaging In Vitro and In Vivo Studies 


Natesa G. Pandian, MD, Andreas Kreis, MD, and Barbara Brockway, BS 


cclusive intraarterial thrombi frequently contribute 

to ischemia and infarction of the myocardium in 
coronary artery disease or the limbs in peripheral arterial 
disease. In vivo documentation of intraarterial thrombi 
currently requires contrast angiography. The limitations 
of contrast arteriography are well known. It provides only 
longitudinal images of vessel lumen; arteriographic crite- 
ria for identification of a thrombus are ambiguous and 
this technique does not provide information on the vessel 
wall. With advances in thrombolytic and catheter-based 
interventional therapy for occlusive disease of coronary 
and peripheral arteries, it has become important to obtain 
detailed morphologic information on the arterial anato- 
my and on the presence or absence of intravascular 
thrombi. Presently, work has focussed on developing al- 
ternate means of imaging arterial vasculature. Intra- 
vascular ultrasound imaging, using catheter-based high- 
frequency transducers, has recently been shown to pro- 
vide real-time 2-dimensional images of blood vessels and 
yield information on the lumen size and wall thickness. ? 
Previous investigations from our laboratory and others' 
have shown the ability of intravascular ultrasound to 
identify atherosclerotic plaques, arterial stenosis and oth- 
er associated abnormalities such as arterial dissection and 
intimal flaps.* Whether this technique can detect intra- 
luminal thrombi is not known. In this in vitro and in vivo 
experimental study, we evaluated the potential of high- 
frequency intravascular ultrasound in the identification 
of intraarterial thrombi. 


From the Departments of Medicine and Radiology, Tufts University 
School of Medicine and New England Medical Center Hospitals, 750 
Washington Street, Boston, Massachusetts 02111. Manuscript received 
June 30, 1989; revised manuscript received and accepted January 5, 
1990. 
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The details of the intravascular ultrasound device we 
used have been described previously.! Briefly, it was a 
prototype intravascular imaging device (Summit Tech- 
nology), consisting of a 110-cm long probe core and a 
single 20-MHz ultrasound transducer tip inside a 6Fr 
probe sheath. The probe core and transducer are rotated 
mechanically at 1,800 rpm within the sheath. The ultra- 
sound beam is emitted at a 30? look-forward angle with 
an image resolution high enough to visualize vessels with 
a diameter of 0.25 mm. The image is transmitted via a 
probe-interface unit to a calibrated display system. 

In our in vitro experiments, we placed freshly pre- 
pared clots within the lumen in 10 arterial segments of 
various size (4 to 12 mm in diameter) obtained from 
dogs and rabbits. They were placed on a mm calibration 
grid and photographed. Before and after placement of 
thrombus, the vessel was gently placed in a waterbath, 
the ultrasound angioscope introduced into the vessel and 
images recorded on videotape. From magnified anatom- 
ic photographs, we measured the maximum thrombus 
width and area. Calibrated ultrasound images obtained 
before and after thrombus placement were evaluated 
randomly by a blinded observer to assess whether echo- 
genic signals suggesting a thrombus were present. If 
present, the maximum width and area of what appeared 
to be a thrombus in the image were measured. Ultra- 
sound measurements were then correlated with anatomic 
measurements. 

With intravascular ultrasound imaging, 2-dimen- 
sional high-resolution images were obtained in all arter- 
ies examined in vitro. The vessel wall was circular with 
smooth borders in the control images. Except for cathe- 
ter ring artifacts, the lumen was clear without any abnor- 
mal echogenic signals. In the ultrasound images ob- 





~y 


Ji 


tained after thrombus placement, the presence of the 
intraluminal thrombus and its site were correctly identi- 
fied in all vessels. The thrombus presented distinct echo- 
genic signals, which appeared like a small mass of echo- 
density attached to the wall and protruding into the 
lumen (Figures 1 and 2). The shapes of the echodensity 
varied from a layered, curvilinear to a globular appear- 


FIGURE 1. In vitro ultrasound angioscopic 
image and anatomic photograph of 2 arterial 
segments. A globular echodense mass is seen 
protruding into the lumen (thick arrow); L — 
arterial lumen; C = ultrasound catheter- 
associated signals. 


FIGURE 2. In vitro images of 2 arterial seg- 
ments before (/eff) and after (righf) placement 
of intraluminal thrombus. Except for catheter 
ring artifacts, lumen (L) is clear in control 
images. Large arrows point to arterial wall. 
Granular echodense signals caused by throm- 
bus (small arrows) are seen occupying part of 
the lumen in right-sided images. W = wall. 
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ance and corresponded well to the shape of the thrombus 
in the anatomic specimens. The echogenic signals caused 
by the thrombus were bright, homogenous and intense in 
6 specimens, granular in 2 and softly echogenic in 2. In 4 
of the 6 specimens with intensely bright clots, there was 
some attenuation of the signals from the wall subjacent 
to the thrombus but the subjacent wall was clearly seen 





THE AMERICAN JOURNAL OF CARDIOLOGY MAY 15,1990 1281 





———————————————————————————————ÁÉÉÉÉÉaÉ :/ëEk 


in the other images. The area and maximum width of the 
thrombus measured from ultrasound images had good 
correlations with anatomic data (Figure 3). 

To assess whether intravascular ultrasound can de- 
tect intraluminal thrombi in pulsatile arteries in vivo, we 
imaged the carotid arteries in 11 anesthetized, ventilated 
nonheparinized dogs. First, control images were ob- 
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tained. After catheter-induced endothelial denudation, 
the artery was partially constricted, the ultrasound cath- 
eter introduced close to the site of stenosis and continu- 
ous imaging was performed for a period of 30 minutes. 


In 3 dogs, when the image showed no changes in the. 


appearance of the lumen over this period, a very small 
amount of freshly prepared thrombus was injected to 


THROMBUS WIDTH (mm) 


FIGURE 3. Comparison between ultra- 
sound angioscopy measurements and 
anatomic measurements of maximum 
width and area of thrombi. 


5 6 


Anatomic 


ages of carotid arteries from 3 dogs befere 
(Jeff) and after (right) evolution <£ inira- 
luminal thrombi. In conirol images, arrow 
points to clear lumens. Small round circle in 
lumen is uitrasound catheter ring artifact (C) 
in each image. In top and middle images on 
right, lumen is filled with echodense material 
(thrombi); in bottom image, thrombus is 
small, occupying only part of lumen (from 2 
to 4 o'clock position). 


FIGURE 4. In vivo ultrasound angioscopic im- 
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initiate further thrombus formation and imaging contin- 
ued. At the end of imaging, the ultrasound catheter was 
removed, the artery was cross-clamped at either side of 
the stenotic portion and resected and removed. Then, the 
vessel was opened to verify the presence of intraluminal 
thrombus. 

In vivo intravascular ultrasound imaging yielded 
high-resolution, 2-dimensional images of the carotid 
arteries. The arteries appeared circular and pulsatile. 
The lumen of the carotid artery was clear in the control 
images of all dogs. In 8 dogs, spontaneous thrombus 
formation occurred during the course of 30 minutes and 
was detectable in the ultrasound images (Figures 4 and 
5). During continuous imaging, the lumen was first clear. 
Then, the stream of blood cells moving toward the ste- 
notic site started to be seen. This was followed by the 
appearance of granule-like echogenic signals. Gradual- 
ly, congregation of these signals occurred. Further 
blending of these signals led to a slow formation of a 
solid mass of echoes. The time for the development of 
this mass varied from 3 to 30 minutes. In 3 dogs, the 
lumen continued to be clear without any abnormal sig- 
nals. After introduction of a small amount of fresh 
thrombus, small-sized echogenic signals appeared with- 
in the lumen. This was followed by development of a 
larger mass occupying the lumen. In real-time images of 
all the dogs, the appearance of the thrombus could be 
easily differentiated from the adjoining arterial wall. 
Gross examination upon opening the resected vessel con- 
firmed the presence of intraluminal thrombi in all. 

This study shows for the first time that intravascular 
high-frequency ultrasound can detect intraarterial 
thrombi both in vitro and in vivo. Our in vitro results in- 
dicate that intravascular imaging can not only identify 
the intraluminal thrombus but also delineate its location 
and size and the luminal area occupied by the clot. Our in 
vivo experience points out that intravascular thrombi can 
be recognized even in dynamic pulsatile arteries. Fiber- 
optic angioscopy, another intravascular imaging method, 
can reveal intraarterial thrombi and vessel endothelium 
but requires occlusion of the vessel proximally and does 
not provide further information on the vessel wall. The 
ability of intravascular ultrasound in yielding informa- 
tion on vessel wall thickness and on wall abnormalities 





FIGURE 5. In vivo ultrasound angioscopic image of carotid 
artery from 1 dog showing evolution of thrombus. In /eft 
image recorded at an early stage, a few granular echogenic 
signals are seen in lumen (L). Dark area in bottom portion of 
image is catheter (C). In right image recorded at a later stage, 
a major portion of vessel lumen is occupied with intense 
signals from a well-formed thrombus. 


has already been documented.!-^ Intraarterial thrombo- 
sis plays a major role in the pathophysiology and clinical 
expression of both peripheral and coronary arterial dis- 
ease and influences therapeutic decisions regarding the 
use of acute thrombolytic agents and long-term antico- 
agulation. The capability to identify intraluminal throm- 
bi strengthens the potential of intravascular ultrasound in 
evaluating and treating arterial diseases. We studied 
intraluminal thrombi in normal vessels. Whether cathe- 
ter-based ultrasound imaging can differentiate thrombi 
from atheromatous plaques when a thrombus develops in 
an atherosclerotic vessel, and, whether this technique can 
discriminate fresh from old thrombi, both need further 
study. Future refinements in image resolution and gray 
level discrimination are likely to add this proficiency as 
well to this innovative imaging method.^ 
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Combined Use of Transesophageal 
Echocardiography and Endocardial Mapping 
to Localize the Site of Origin of Ectopic 


Atrial Tachycardia 


G. Neal Kay, MD, William L. Holman, MD, and Navin C. Nanda, MD 


he results of surgical ablation 

of ectopic atrial tachycardia are 
related to the ability to localize ac- 
curately the site of origin of the 
arrhythmia.' Since induction of an- 
esthesia may terminate automatic 
atrial arrhythmias and preclude in- 
traoperative mapping, ^? careful pre- 
operative endocardial mapping of the 
sequence of atrial activation is essen- 
tial. We describe the pre- and intra- 
operative use of transesophageal 
echocardiography combined with en- 
docardial catheter mapping to local- 
ize the site of origin of ectopic atrial 
tachycardia. 

A 31-year-old man with inces- 
sant atrial tachycardia (rates 110 to 
150 beats/min) spanning a period of 
10 years was referred for endocardi- 
al mapping and surgical ablation of 
the tachycardia focus. Atrial tachy- 
cardia had been resistant to empiric 
trials of quinidine, encainide, pro- 


DOOR TENES UTR DE SPI ee CDM 
From the Department of Medicine, Division of 
Cardiovascular Disease, 321 Tinsley Harrison 
Tower, and the Department of Surgery, Divi- 
sion of Cardiovascular Surgery, University of 
Alabama at Birmingham, Birmingham, Ala- 
bama 35294. Manuscript received November 
27, 1989; revised manuscript received and ac- 
cepted January 16, 1990. 


pranolol, verapamil and digoxin. 
The 12-lead electrocardiogram 
(Figure 1) demonstrated a long RP 
tachycardia with P waves that were 
inverted in leads II, III, aVF and V; 
through Vs, isoelectric in lead I and 
upright in leads aVR and aVL. A 
6Fr quadripolar electrode catheter 
was advanced to the right ventricular 
apex and a 6Fr hexapolar catheter 
was positioned in the coronary sinus. 
A 7Fr quadripolar atrial mapping 
electrode catheter was used for map- 
ping the right atrium. Earliest endo- 
cardial atrial activation was record- 
ed at the ostium of the coronary si- 
nus. However, local activation at this 
site occurred 10 ms after onset of the 
P wave. After intravenous sedation 
and local anesthesia of the pharynx 
with 20% benzocaine spray, a 5- 
MHz transesophageal echocardio- 
graphic probe (model UST 5282-5, 
Aloka) was passed into the esopha- 
gus. The atrial septum was then 
punctured with a Brockenbrough 
needle and an 8.5Fr sheath was ad- 
vanced into the left atrium under vi- 
sualization with biplane fluoroscopy 
and transesophageal echocardiogra- 
phy. A quadripolar electrode cathe- 
ter was then advanced through the 
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transseptal sheath into the left atri- 
um. With the left atrial catheter po- 
sitioned at a site in the inferomedial 
left atrium against the interatrial 
septum (Figure 2), the atrial electro- < 
gram was inscribed 10 ms before the 
onset of the P wave (Figure 3). 

Surgical ablation was performed 
5 days later with intraoperative 
transesophageal echocardiographic 
monitoring. Intraoperative mapping 
was performed during ectopic atrial 
tachycardia under normothermic 
cardiopulmonary bypass. Epicardi- 
al activation of the atria was earliest 
at the crux of the heart. After a right 
atriotomy, the earliest endocardial 
atrial activation was recorded at a 
site in the interatrial septum posteri- 
or to the ostium of the coronary si- 
nus where the local electrogram pre- 
ceded the surface P wave by 25 ms 
(Figure 4). Transesophageal echo- 
cardiography demonstrated local- 
ized thickening of the interatrial 
septum at this site and confirmed 
that this location was adjacent to 
that recorded during the preopera- 
tive endocardial catheter map (Fig- 
ure 5). Application of a cryoprobe to 
this region with cooling to —60°C 
for 2 minutes resulted in prompt ter- 
mination of the atrial tachycardia. 
The patient has remained in sinus 
rhythm without antiarrhythmic 
medications over a follow-up period 
of 8 months. 

Ectopic atrial tachycardia in chil- 


dren and young adults is frequently, 

incessant and resistant o pharmaco 

logic therapy. Nonpharmacologic 
= d 


- 


FIGURE 1. Electrocardiogram demon- 
strating ectopic atrial tachycardia with 
long RP interval and abnormal P-wave 
axis. Note that the P waves are inverted 
in leads II, Ill, aVF and V; through Ve. 
The P waves are isoelectric in lead | and 
upright in leads aVL and aVR. 
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therapy with catheter ablation or 
with surgical resection or cyroabla- 
tion of the arrhythmogenic focus has 
proven highly successful.|-6 In this 
4. . Feport, we show the utility of transe- 
sophageal echocardiography as an 
adjunctive procedure to standard 
electrophysiologic catheter mapping 
for accurate anatomic localization of 
the site of origin of ectopic atrial 
tachycardia. 

The importance of preoperative 
mapping of the atria for a successful 
surgical outcome has been previously 
emphasized, with most surgical fail- 
ures related to inability to map the 
tachycardia intraoperatively.!.6 
However, since induction of anesthe- 
sia may result in termination of ec- 
topic atrial tachycardia, intraopera- 
tive mapping may not be possible in 
all patients.'? Thus, accurate local- 
ization of the site of Origin of the 
tachycardia before Surgery is criti- 
cally important for patients in whom 
surgical ablation is planned. Despite 
these considerations, preoperative 
mapping of atrial tachycardias origi- 
nating in the left atrium js often in- 
complete because of the need to per- 
form transseptal Catheterization. The 


m r: 

FIGURE 2. Preoperative transesophage- 
al echocardiogram with a quadripolar 
electrode catheter traversing the inter- 
atrial septum into the left atrium (LA). 
The catheter is imaged in contact with 
the interatrial septum with its tip located 
near the insertion of a right-sided pulmo- 
nary vein. At surgery this was found to 
be the site of earliest endocardial activa- 
tion during ectopic atrial tachycardia. 
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FIGURE 3. Preoperative electrophysiologic recordings. Surface 
ic leads I, Il, IIl and V; are recorded simultaneously with i i 


earliest atrial activation in reference to the onset of the P w 
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FIGURE 4. intraoperative ysiologic recordings. Surface electrocardio- 
graphic leads I, II, Ill and aVL are recorded si i 
reference 


al appendag 
lar mapping probe on the interatrial septum (IAS) are also shown. The site of earli- 
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FIGURE 5. Intraoperative transesopha- 
echocardiogram. The 4-chamber 
view shows the cryoablation probe (ar- 
row) positioned through a right atrioto- 
my against the interatrial septum at the 
site of earliest endocardial activation 
during ectopic atrial tachycardia that 
could be recorded in the right atrium. 


origin of the atrial tachycardia in this 
patient was suspected to be in the 
medial left atrium based on earliest 
activation at the ostium of the coro- 


nary sinus with failure to record local 
atrial activation before the onset of 
the P wave on the surface electrocar- 
diogram. Although transseptal cath- 
eterization allowed the mapping 
catheter to be positioned at the site 
of earliest atrial activation, trans- 
esophageal echocardiography dem- 
onstrated that the catheter was actu- 
ally adjacent to the interatrial sep- 
tum. Compared with biplane fluor- 
oscopy, transesophageal echocar- 
diography provided accurate local- 
ization of the mapping catheter in 
relation to defined anatomic struc- 
tures in the left atrium. Thus, preop- 
erative mapping with anatomic con- 
firmation of the site of earliest endo- 
cardial activation permitted use of a 
right atriotomy for intraoperative ac- 
cess to the arrhythmogenic focus in 
the septum. Compared to biplane 
fluoroscopy alone, concomitant use 
of transesophageal echocardiogra- 
phy allows localization of the site of 
earliest endocardial activation in re- 
lation to identifiable anatomic land- 
marks, such as the pulmonary veins, 
mitral and tricuspid valve leaflets, in- 
teratrial septum and left atrial ap- 
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pendage, which can be useful to the 
surgeon. It must be emphasized that 
echocardiography only identifies the 
position of the mapping catheter and 


that the accuracy of atrial mapping ~ 


remains dependent on electrophysio- 
logic recordings. This case illustrates 
the potential utility of transesopha- 
geal echocardiography when com- 
bined with standard endocardial 
mapping techniques for the accurate 
anatomic localization of arrhythmo- 
genic atrial foci. 


1. Gillette PC, Wampler DG, Garson A, Zinner A, 
Ott D, Cooley D. Treatment of automatic atrial 
tachycardia by ablation procedures. JACC 1985; 
6:405-409. 

2. Cox JL. Intraoperative computerized mapping 
techniques: do they help us to treat our patients better 
surgically? In: Cardiac Arrhythmias: Where Do We 
Go From Here? Mount Kisco. New York: Futura, 
1987:629. 

3. Cox JL. The status of surgery for cardiac arrhyth- 
mias. Circulation 1985;71:413-417. 

4. Anderson KP, Stinson EB, Mason JW. Surgical 
exclusion of focal paroxysmal atrial tachycardia. Am 
J Cardiol 1982;49:869-874. 

5. Josephson ME, Spear JF. Harken AH, Horowitz 
LN. Dorio RJ. Surgical excision of automatic atrial 
tachycardia: anatomic and electrophysiologic corre- 
lates. Am Heart J 1982:104:1076-1085. 

6. Ott DA, Gillette PC, Garson A. Cooley DA, Reul 
GJ, McNamara DG. Surgical management of re- 
fractory supraventricular tachycardia in infants and 
children. JACC 1985;5:1 24-1 29. 





than gathering it. 
r more information about 


* 


MEDIS, the 
rmation 


tact Jack 
. Simpson, Presid 


ata Central, Inc. 


MEDIS™ 


Service of Mead Data Central, Inc. 
d Data Central, Inc. 


MEDIS is a 
©1986, Mea 









MAY 15, 1990 ADVERTISERS INDEX 










Boehringer Ingelheim E LM EUN EM A52 
— — LU A13 
Burroughs Wellcome uM c M Me i A44-A46 
E 0. o0 PE Ee A21-A23, A57-A59 
Hewlett-Packard ae ee OE alc soe oHm ara aaa A4-A5, A53 
E Qe c BC eee OMM A60-A61 
Knoll Pharmaceuticals EL mu vL due M A63-A67 
Mallinckrodt Inc., Diagnostic as NR ur d eae ee A75-A76 
Marion i cena menm ee eee AQ-A12 
Merck Sharp & Dohme Div. of Merck & "E e ORENSE EE a cose Lu A48-A50, A69-A74 
Parke-Davis Div. of Warner-Lambert Eri n Ed Orco DAE NE 2nd Cover-A1-A2, A37-A38, 3rd—4th Cover 
Pfizer Laboratories wes ccr nir Re M n EUR A54-A56 
, Me cv 
Quinton Instrument We M E T RUNE cd be pP TY noéfinci t; ee ares UA gees en a 
Robins Pharmaceutical se NP AM eM TI A25-A26 
Rorer Pharmaceuticals ce MM Mc AT9-A82 
Sandoz Pharmaceuticals DE ree eigen see N A43 
Searle & Co., Me eth E ERR Re YEE cari? M A19, A39-A40 
SmithKline Beecham Consumer shame Ta oem MD AN ig ah EN A35 
Squibb & Sons, Inc., E- ra tl NN erie UP M LU A33-A34 
Wyeth-Ayrest E oor ou T A15-A16, A29-A30 


All possible care is taken in the preparation of this index. 
The publisher is not responsible for any errors or omissions. 








Thiazide Diuretics 


In study after study, they have 
been associated with increases 
in cholesterol. 


And now, the Lipid Research 
Clinics Trial has established _ 

a clear link between elevated 
lipids and risk of coronary heart 
disease.’ Thiazide diuretics are 
also known to cause potassium 
depletion, which, untreated, 
can lead to cardiac arrhythmias. 
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ziness, fatigue, weakness, loss of energy, lethargy. tiredness, or malaise, muscle Cramps 
of spasm, or numbness of the extremities, nervousness, tension, anxiety, irritability, or 
agitation. Cumulative adverse reactions < 5% are: lightheadedness, drowsiness, vertigo, 
insomnia, Capressign, blurred vision, constipation, nausea, vomiting, diarrhea, gastric 


LOZOL® indapamide 2.5 mg tablets 


Brief Summary 
DESCRIPTION: Lozol® (indapamide) is an oral antihypertensive/diuretic. 


indapamid, von or discontinu neh thor should be considered. Renal 
function tests shou DE pert period ing tea tment with indapamide. 


4. Impaired Hepatic Func e  hiapone ry the  tazides, Should be used with cau- 
tion in patients with impaired ic function or progressive liver disease, since minor 


INDIC AND USAGE: Lozol i is indicated for the treatment of hypertension, alterations of fluid and electrolyte balance may precipitate hepatic coma. irritation, al nal pain of cramps, anorexia, orthostatic hypotension, premature ven- 
ame irte th other antihypertensive drugs. 5. Glucose Tolerance: Laton dels re bo apd manifest and insulin requirements tricular contractions, irregular heart beat, palpitations, —— of urination, nocturia, 
Lozol is also indicated for the treatment of salt and fluid retention associated with in diabetic patients may be tion. Serum concentrations oth lay vasculitis, impotence or reduced libido, rhinorraea, 
congestive heart failure of glucose should be Monihored M routine] during treatment Py Lozol. zo. hyperuricemia hyperglycemia , hyponatrem deam 3 dq n serum 
Usage in Pregnancy: (see PRECAUTIONS). 6. Calcium £n cretion | Calcium ex: excretion is decreased by diuretics pharmacologically urea mage (BUN) or Creatinine, glycosuria, weight loss, dry mouth, tingling o 
Di Cp mE —— En pi ac MET cee Naima tare 
| Iven I l 
WARNINGS: Hypokalemia occurs commonly with diuretics, and electrolyte monitoring "Lid hysiol Dp atsocMied m ant’ Og . respectively. In a long-term study of bot doses (197 patients g iven 


ium ne w was ven to 12% of M on indepamide 

Oe na and P ol patients on indapamid mg. 

Other adverse reactions reported with apenas dues are jaundice 

(intrahepatic cholestatic jaundice), Sialadeni is, xanthopsia photogonsiti MY purpura. 

necrotizing angiitis, fever, respiratory distress (including pneumonitis), and anaphylactic 
u 


pray Myo gland, howe fag xps ne TELE o myperparat 
rption, and peptic ulcer, have not been seen. Treatment should 

be pe biao, tots for partoo tunction are performed. Like the thiazides, 

indapamide may decrease serum PBI levels without signs of thyroid disturbance. 


7. Interaction With Systemic pace wth so S Erythematosus: Thiazides have exacerbated or acti- 


is essential, particularly in patients who would be at increased risk from m. 


od as those with cardiac arrhythmias or who are receiving concomitant 
y 

In general, diuretics should antly with lithium because reduce 
its renal clearance and add a not De eic of In lithium tm inel ead p Read prescribing Matheny 


for lithium preparations before use of such concomitan t l reactions; a also, agranulocytosis, leukopenia, thrombocytopenia, and aplastic anemia 
PRECAUT dep nif ani Eectolre n€— o a ugus oyina and this possibility shouid be considered with These n ions Should ld be considered as possible pitts oe with Clinical usage of 
serum electrolytes should be be performed at te intervals. In addition, patients an EN TONS l- AB e kanea me pg Lazo lindapamide) may add to or HOW SUPPLIED: Lozol e a White round film-coated tablets o 2.5 mg in 
should be e etfect of indapamide combined with other anti pertensive with the bottles ^ 100 (NDC 0075 000 (NDC 0050002 ol and in unit-dose 

Lg hypocoremc ME or old signs nc mode oy effect of As pode drugs administered alone, there was no notable change in nature blister packs, boxes of 100 (10 x 10 strips) (NDC e 00826 

mouth, thirst, weakness, fatigue TUM pue 4: frequency of adverse reactions associated with the combined therapy. CAUTION: Federal (U.S.A.) law prohibits dispensing without yenit 

cramps, hypotensi on, ali oe pan i gast ntestinal disturbance lectrolyte ? Lithium. See WARNINGS. 

determination: are eXcessiv ithium. G Keep tightly closed. S Store eats room temperature, avoid excessive heat. Dispense in tight 
receiving parenteral fluids, in Jaton 5 A ject to MP electrolyte i i including those ence ne post Sy Patient: The Se effect of the drug may be ainers as defi 

with heart failure. kidney disease, and cirrhosis), and in patients on a salt-restricted in the ape impor m S uia i" See product circular epe full prescribing information. Revised: November 1988 (AS) 

4. Norepinephrine: | ecrease arteria iveness 
E risk of hypokalemia secondary to diuresis and natriuresis is increased when to norepinephrine, but this diminution IS not suficient to preclude GOL UNGTOSS ot the Mee A uod Research Clinics Program: The Lipid Research Clinics Coronary 
doses are used, when the diuresis i brisk severe Cirrhosis is presen taa iugar pressor agent for therapeutic use. Mra lea 251 331 |. Reduction in incidence of corona Dy fert Camas 
concomitant use of corticosteroids ACTH. rirence with adequate oral intake ol CARCINOGENESIS, MUTAGENESIS. IMPAIRMENT OF FERTILITY: Both mouse and rat JA s SOA 2 ES. © Beling S, Vukovich RA, Neiss ES, ai Lon erm experi- 
electrolytes will also contribute to a Hypokalemia can of exagger- life-time carcinogenicity studies were conduc ed. There was no significant difference in 1 1983.1 eg 258-262. 3. Meyer-Sabellek W, Gotzen R. 
_ate the response of the heart to the toxic pokalom es of digitalis, such as pt ic- mors between the Economie -ireated animals and the control groups. Heiz d e et al: Serum ipoprotei term treatment of ertension with 
ua tabi s wa Papa ea Effects, Pregnancy Category B, Reproduction studies have been egami, NN ts Supo EA SEA Wonen F nl 
utional atremia may occur in edematous patients; mi ate treatment is n rats, mice and rabbits at doses u 250 times the therapeutic h 
restriction of of water rather administration o galt except except fà rare Instances when the have revealed no evidence of impaired fertili or harm to the fetus "^r (suppl 1):260-268 


is life threatening . However i n actu Aree te replace- rz apostnatal development in rats and mice was unaffected by pretreatment of par- 
ent animals during gestation. There are however, no adequate and well-controlted Stud- 
ies in pregnant women. Moreover, diuretics are known to cross the placental barrier and 
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human response. this drug should be used during pregnancy on 


dioe Se A ot 47- oid inc increased by an a 
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ed with indapamide, and ice, a R 

tated in ed patients receiving indapamide ADVERSE RE R ati EE T and possibly other adverse reactions that have occurred in the adult. Fort Washington. PA, U.S.A. 19034 
Serum concentrations of uric acid should thevelore be monitored period moet d Mothers: It is not known whether this drug is excreted in human milk. Because Product of Servier Research Institute 

treatment. S are excreted in human milk, if use of this drug is deemed essential, the See product circular for full prescribing information 


3. Renal Impairment. | e. like the thiazides, should be used with caution in patient should stop nursina. 
patients with severe renal disease, as reduced plasma volume may exacerbate or pre- 


TIONS: Most adverse effects have been mild and transient. In long 
Cipitate azotemia. If progressive renal impairment is observed in a patient receiving 


ADVERSE REAC © 1989 Rorer Pisa 
term controlled clinical studies. cumulative adverse reactions = 596 are: headache, oe 
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ing, please see full prescribing information. 
4ry follows. 


/ICATIONS. 1. Hepatic or severe renal dysfunction, ihcluding primary 
SİS. 

<isting gallbladder disease (See WARNINGS). 

ypersensitivity to gemfibrozil. 

~tNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 12 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p- 0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 12 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p- 0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%): acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%): eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia: /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: throm bocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Í Whats a common denominator of? 
‘most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 

- (35 mg/dL) baseline level of HDL cholesterol? : 


HEART ATTACK PATIENTS 


| (PROCAM TRIAL)? 
-LOPID raised low HDL 25%. 


E ih patients whose baseline HDL was below 35 mg/dL 
Í in the landmark Helsinki Heart Study (HHS)? 


|. Reduced heart attack incidence* up to 62% 

| —in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)3 


j . . A powerful case for 


# 


Blum 
RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type Ilb patients with low HDL, in addition to elevated LDL and 

triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 

and nicotinic acid i do SUA Nn 

*Defined as a combination of definite coronary death and/or definite myocardial infarction,- 

References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease, |. Lipid levels in 500 survivors of myocardial 

infarction. | Clin Invest, 1973752:1533-1543.. 2. Assmann G, Schulte H: PROCAM-Trial: Prospective Cardiovascular Münster Trial. Zürich; Panscientia Verlag; 1986:8-9. 

3. Data on file, Medical Affairs Dept, Parke-Davis. - ' ; ; : : 
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Please see adjacent page of this advertisement for warnings, contraindications, and brief summary of prescribing information. 
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